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1.0 INTRODUCTION
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1.1 PREAVBLE
The Australian environment contains the usual
opportunities for ecological diversification and, con-
sequently, many of the endemic faunal groups have‘shown
a wide radiation to fill the available ecological
situations, The best known of these groups 1is the
marsgupials, but there are numerous equally remarkable,
for example, Leptodactylid frogs, Agamid lizards, Elapid
snakes, Meliphagid birds and Murid rodents. These
radiations have, to & large measure, contributed to the
uniqueness of the Australian fauna, A parallel occurs
in the plants, for example, in the Myrtaceae and Proteaceae,
Apart from marine species the order Testudines is
represented in Australia by a single family, the Chelidae,
which is a member of the sub-order Pleurodira. Members
of this family also occur in New Guinea and South America -
a gimilar distribution to that of the living marsupials,
Australian Chelidae are restricted to fresh water situations
and, in the absence of the true terrestrial tortoises of
the family Testudinidae, are commonly known as "tortoises"
to distinguish them from msrine "turtiles".
The Australian tortoises also show an interesting
radiation and occupy habitats ranging from the moist tropics

of Queensland and New Guinea to the extremely arid tropical
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and subtropical parts of Western Australia as well as the
moigt mesothermal south-east and south-west, |

One member of this group has been instrumental in
creating a large amount of public interest in the conserva-
tion of the Australian fauna, Until the last decade or so
there had been little public interest in conserving fauna
and, consequently, government activity had been only
indirect, such as the setting aside of reserves when requested,
More recently, in Western hustralia, all native terrestrial
vertebrates have been declared "protected animals" under
the Fauna Act, and, apart from those declared as vermin
from time to time, they may only be collected under licence.,
In addition some rarer forms are completely protected and
may not be collected, Also, as far as it has been practicable,
reserves containing representative habitats have been set
aside, |

Much of the work of acquiring reserves was unspectacular
and little interest in conservation was aroused until the

rediscovery of the swamp tortoise Pseudemyvdura umbrina and,

later, the noisy scrub bird Atrichornis clamosus, Public
interest in P. umbrina was stimulated both by the peculiar
circumstances of its rediscovery within the metropolitan

area of Perth and by an appreciation of its apparent restricted
distribution and extreme rarity. As a result of this

interest the State Government, aided by a public appeal
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for funds, was able to arrange that both crown and private
iand, on which P, umbrina was known to exist, could be set
aside, in 1962, as two reserves,

The authorities charged with the conservation of
£+ umbring lacked qualified regearch staff, and, in the

absence of a Wildlife Management Department in the University.

enlisted the aid of the Department of Zoology in obtaining

bagsic biological information on P. umhrina and laying down

procedures for management,

During the spring of 1963 a group of six honours
students, supervised by Dr., A.R. Main, made a study of
Po wnbrina. Emphasis was placed on feeding habits, growth
rates, temperature prefercnce and morphological variation,
and available information on the life history was collated.,

A gtudy of the flora and fauna of the two reserves was also

made, Following this study some suggestions were made
concerning management (Lucas, 1963). However, congidering
that this study extended over only six weeks, and that only
five P, umbrina were captured in the field, 1t was extremely
incomplete and, really, was useful only in indicating that

a successful management program would depend on & good
understanding of the causes of the rarity, es well as the
broader topics of the natural history and ecology of +the
species., Following this the present study was undertaken

as a thesig topic,




°

A literature search with the aim of understanding
gomething of the biology of P. umbrinag highlighted the
absence of any previous studies on the radiation of the
Australisn Chelidae, from the point of view of morphology,
natural history or any other aspect of biology. This
enphasised the dependence of successful conservation
measures for P. umbrina on

(a) the rapid documentation of the natural history
and ecology of P. wumbrina

(b) providing a reasonable amount of comparative
information on other Australian tortoises,
particularly with reference to:

(i) natural history

(i12) those factors likely to contribute to
habitat preference and distribution

(iii) the relationships and evolution of the group.
This should lead to an understanding of the present
limited range and rarity of P. umbrina as well as indicating

the proper precautions necessary for its persistence,

1.2 THE TORTOISES OF SOUTHERK WESTERN AUSTRALIA

The systematics of the Australian Chelidae have not
been well documented, largely because of the lack of extensive
collecting., No major revision of the group has been published
since that of Boulenger (1889), Worrell (1963), who largely

followed Boulenger, lists eleven species in four genera as



occurring in Australia, A recent revigion by Goode (1967)
lists 13 species from Australia and New Guinea, one being
restricted to the latter.

Three species occur in the southern two thirds of
Western Australia and a synopsis of them is as follows:

Pseudemvdura umbrina Siebenrock, 1901, the Western

Swamp Tortoise, (Plate 1), is a short-necked tortoise which
has been found only in & small arece of the Swan Coastal
Plain, near Perth, It was first known %o science as a
single specimen in the Natural History Museum, Vienna, It

was acquired in 1839 and labelled simply "Nova Hollandia

Jun''. HNo further specimens were collected until 1953 when
two tortoises were found near Warbrook, 25 miles north-east
of Perth., These were described as a new specles, Blhyvdura

Anspectata, by Glauert (1954%), but this was shown to be a

synonym of P. umbrina by Williams (1958). P, umbrina is a
totally protected snimal and may not be taken for any purposca
Since this study was done a2t the instigation of the fauns
authorities special permission was given to collect and
keep the tortoises, but not to kill them,

&helodina oblonga Gray, 18+1, the Oblong Tortoise
(Plate 2) ig a long-necked tortoise found in the sub-humid
south-west corner of the state, It doecs not occur in
northern Australia, as stated by Worrell (1963). (. colliei

Gray, 1855, is a gynonym of C. oblonga.
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Chelodina steindachneri Siebenrock, 1914, the Dinner
Plate or Plate Shelled Tortoise (Plate 3) is a long-necked
tortoise found throughout the arid narts of the north-west

of Western Australia. C. millymillyengis Glauert, 1922,

is a synonym of . gteindachneri.

1.3 COMMENTARY

The small number of gpecies in southern Western
Australia, and indeed in the whole of Australia, is well
illustrated by the fact that the total geographical range
of the above three species is approximately seven degrees
of longitude (114°E to 121°E) and 15 degrees of latitude
(208 to 35°8). A similar climatic area of North America
or Eurasia might contain many species of several families.

Nevertheless the threec species appear to reflect three

widely different adaptive modes, P. umbrina, which
inhabits temporary water, is adapted to the dry summer and
wet winter of a typical Mediterranean climate, C. oblongsa
is adapted to permanent water and is apparently unable to
tolerate a lengthy drought, and C. gteindachneri is adapted
to arid ereas, which are described as EA'd (arid tropical
desert, rainfall deficient in all seasons), and EB'd

(arid mesothermal desert, rainfall deficient in all seasons)

according to the Thornthwaite (1931) classification,
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Most other Australian Chelidae inhabit permanent or
semi-permanent water so, despite the paucity of the fauna
in southern Western Australia, it appesars that the major
cdaptive peaks of the Australisn radiation are accessible
to study.

Bearing in mind the points discussed in Sestion 1.1,
this thesis has been orieuntated as follows:

(a) a documentation of the natural history oang
ecology of 2. umbrins together with available
comparative data on the more commnon local

.

species, . oblongs and ¢, gheindachneni.
Unfortunately an exlensive field study of
L. steindachnerl has been prevented both by the
digtances ‘nvolved and thc poor state of the
reads in north-wvest Australia, In additicn,
the time taken to obtain recults on P, umphrina
has precluded a similar gstudy on the other
local species, . ghlonga

(b) & comparative physiological study of C., oblonga
and C. steindachneri with the aim of elucidating
pessible adeptations in the latiter to a desert

enviropment. Some comparstive date on P. umbrins

énd other specics are included in the hope of
explaining their habitet prelerence and
distribution

(¢) an evolutionary study of the Australian Chelidae,
using mainly osteological and serological data.




2.0 FIELD METHODS




2.1 P. UMBRINA

2,11 Capturc in water . vinter and spring

During 196%, 65, 66 and the first half of 1967 visits
were made to the reserves, usually at weekly intervals,
for a full or half day. At times visits were made morc
or less frequently, depending on the season and other
commitments. During the early part of the study some
visits werc made at night, buv these were largely discon-
tinued later due to their lack of success. Some considorable
time was also spent searching other localitics in an effort
to extend the known range of P, umbrina.

Initially, baited funnel traps were set in the water
in an effort to capture £. umbrina. DBaits used were
various types of meat and fish. These were, however,
vnsuceessful because, unlike other Australian Chelidae,

P vmbring is not a scavenger and will not even take meat
or fish in captivity unless very hungry.

The only method of capturc which proved succegsful
during the first part of the study was to walk slowly
through the swamps, when they contained water, and pick up
any tortoise seen. This method was very time consuming
since, on the average, it took more than 30 man-hours of
searching to locate one tortoise., This was largeiy due to
the difficulty in seeing through the water, which, on the

Ellen Brook Reserve, has a yellow-brown suspension, and on
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the Twin Swamps Reserve is a dark black-coffee colour,
Lven under ideal ccnditions of no wind and bright sunlight
it is impossible to sece a dark object like P. umbhrina
below a depth of five or six inches. This prevented
sedrching the majority of most swamps wvhich contained
water at a depth greater than this, TFrom the lack of
catching success it was concluded “liat P owumbrina prefors
deeper water. On overcast days this method of capture
was almost completely unsurcessiul.

lrdividuals could cocasionally be lccated when whey
wae to the surface o breathe. Oniy & few were locabed
in this manner, so either the interval between broaths le
great or the tortoises nre sware of the sgarcher and avoid
broathing, In en elffort to overcome the latter possibility
the searcher could stand still 4n or at the cdge of the

water. but when this was attempted very few tortoiscs WEre

q

seeily probably hecause of the small Ticld of view duc to
the vegetation, and i% was found o be morc effective to
walk slouly through the water,

Another method of capture, dceveloped later, was to
feel for the tortoises with the hands in water through
which visibility was limited., This "puddling" met with

onsiderable success al the beginning of winter and in the
early sumner when the swamps arce¢ limited to a few pools,

During the rest of the winter and spring the swamps arc
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too deep and extensive and the tortoises in too low a
density for this wmethod to succeed, Most success with this
technigue came at the beginning of swmmer when the swamps
had nearly dried up.

As a result of the natural history learncd in 1964
and 1965, and especially with an appreciation that the
P. nbring on the Twin Swamps Regerve move from the sSWamps
onto the sandhills during the summer months, a system of
traps was constructed during the summer of 1966-56, It
congisted of 830 yards of two inch mesh wire netting com-
pletely encircling Sonth East Swaup {(see Figure &) on the
Twin Swamps Reserve, The wire netting was 15 inches high
and the lower four to six inches wes buricd in the ground,
The remeinder was supporicd with stakes and slanted outwarde
to prevent tortoises heading for the swamp from climbing
over it. Pits 18 inches deep, 12 inches wide and about
three feet long werc dug at 25 yard intervals along tho
wire (Plate 14),

This method of trapping proved very successful and a
total of 27 P. wubrina were caught during 1966. During tho
same period 40 P, nmbrine were captured by puddling and

flve were picked up while walking through the SWaNIpPS.
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The cost of catching P. unbrina, i- man-hours, is
given in the table below which compares the time spent
obtaining this total of 72 captured in 1966 with the numbers
captured during previous years,

Lear  No. PR, vmbrina caught  Man-hours Man-hours
An . field .  per tortoise

1963 1 400 100,0
1964 11 300 2743
1965 10 300 30,0
1.966 7o 300 k.2

In 1953 seven people spent twelve days each in the
field and about W00 man-hours were spent searching for
Pe umbrina., During the six months when water was standing
in each of 1964, 65 and 66 the author and associates from
the Department of Zoology spent about 300 man-hours searching.
Irr 1963 four P. umbrina were caught by the author and
associates and one was caught by ancther person, In l§@+
the author and associates caught 11 tortoises and three
were caught by other people. In 1965 ten were caught plus
one by another person., The man-hours per tortoise in 198k
and 1965 are consistent with the efforts of people before
this study was commenced. In 1958 and 1959, in particular,
fauna wardens, museum staff and local naturalists undertook
hmany searches for specimens of P, umbrina, but their capturc

rates on the reserves appear to have been similar,
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The extraordinary increase in catching efficiency in
1966 can be accredited partly to the pit traps but also

largely to the unusual season (Jection 3.3), since the

rainfall pattern was such that the swamps on the Twin

Swamps Reserve filled only to about one third of their usual
depth. This made capture by puddling much easier, Greater
xnowledge of the habits of £. umbrina also increased
efficiency.

2,12 Togation - summer and autumn

The techniques discussed so far are only concerned with
the capture of P, nmbrins during the winter and spring, when
the swamps contain water. During the first two swamers and
autumns no tortoises were found, decspite a large amount of
time spent searching likely situations,

in an attempt to discover the micro-habitat of
E. umbrins during this time of the year, a tortoiss was

equipped with a housing containing a one-thousand vard recl
of cotton thread, which paid out behind the tortoise as it
moved, This method was based on the technique used by

Stickel (1950) on Lerrapene c. carolina. The tortoise was

released on April 16, 196+, in 2 dry swemp on thé Twin
Swamps Reserve. Its Jocation was checked at frequent inter-
vals until May 7, when the experiment was terminated,

Thig method of tracking was successful but its main

limitation was that it would not work in water as well as on
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Jand and P. umbrina were only available when the swamps
contained water, Also, the housing for the reel of thread
was very bulky, since it could not be built behind a dome,
like that possesgsed by Tcrrepene and an inverted P. umbrina
with such a housing had great difficulty in righiting itself,

To overcome the inadequancies of cotton-trailing a
radio~tracking system wasg developed. Transmitters werc
constructed, using the circuit of Tester, Warner and Cochran
(1964), After potting they were glued to the tortoisc's
carapace, together with a guantity of polyurethane fToan
plastic to neutralise the resulting decrease in buoyancy
(Plate 15)., Transmitters could only be fitted to adult
tortolses since their weight was too great for a juvenile.
Tracking was carried out using a converted Fonet 501
Citizens Band walkie-talkie. Details of circuitry and
construction methods are given in Appendizx One,

The design, construction and tuning of the transmitters
was carried out by the suthor. Consideraeble difficultics
were encountered in the construction of the transmiticrs
because of the amphibious nature of the animal, Previougly
the circuit had been uscd only on terrestrial animals and
the transmitter normally detunes when placed in water,
Problems were also encountered in potting procedurcs and

the affixing of the transmitters to the tortoiscs.
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Radio~-tracking wag first used in the summer of 196465,
During November, 1964, five instrumented P. umbrina were
released on the Ellen Brook Reserve and two on the Twin
Swamps Reserve, Four of the transmitters on the Ellen
Brock Reserve functioned well intoe the summer but thosc on
the Twin Swamps Rererve ceasad transmission before the
swampg had dried,

Construction techniques were improved in 19865 and
tracking was carried out during the winter, twe tortoiscs
being followed on each reserve. Duc Lo the low nuvber of

Pooumbrina capitured in 196 oniy three instrumentced
Plou et . 1.3 X% s 9 B

tortoises were released in November aad only one of the
transmitters functioned well into the summer. Tracking was
again carried out dvring the winter of 1956 and an increascd
catching success enabled twelve instrumented P, umbrina to
be relcased towards the end of winter, Mine of these werec
tracked throughout the summer and avtumn, and, after a
batiery change, into the winter of 1947,

Lfter tracking proccdures showed thaht many P. wahrina
spend the sumiter and avtumn wnder fallen branches and leaf
titter, some comsiderable time was spent searching these
situations. On one day in varticular seven peopls with
rakes searched an area of about 100 yards by 600 yards, but
no torteise was found., This must reflect the low density
of the species as well as their ability to conceal themselves

most effectively,
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2,13 Handling of specimeng

A1l P. umbrina captured were nmarked for future ident.
ification, Thig was done by filing notches into the marginal
scuteg and the underliying bone, The right marginals were
numbered one to nine starting ivom the rear, and the left
ten to ninety, The three remaining left marginals were
numbered 100, 200 snd 300, The notches remain clearly

Na)
ER

visible in adults for nore than three yesrs, In the youngeor
Juveniles they tend to disappear with growth, but last for
ot least two or thraoe years in most cases, 1o very smail

juveniles the notches were cut with a scalpel, bubt it is

nov known how long they will last.
After capture the adults were taken back to the labora-

4

tory te have tramsmitiers fitted. Physiological cuperinonts
were a2lso carvied out on gome. Juvenilcs were often
measured, weighed, marked and released immediately after
capture, but some were kept for short periods for @xpérimentw

ation, Usually & tortoise was relessed within two wecks

of capture.

Carapace length was nmeasured with vernier calipers
from the front edge of the nuchal scute to the rear outer
edge of one of lhe hinderwmost pair of marginals. The

measurement was made in a plane hcerizontsl to the plastren

and not around the carapace. 4 gspecially constructed pair

of calipers wag used for the larger gpecies. The width
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was measured at the point of greatest width., Body weight
in the laboratory was measured with a Mettler X 7 balance,

and in the field with a spring balance.

2.2 OTHER SPECINS

Chelodina oblionga is & common tortcise and cccurs in

permanent swalps, lakes and rivers around Perth, Specircig

vere captured ocut of the water at two times of the yoar,

Firstly when the females leave the wabter *o nest in Octobey
and November, and secondly in May and Jwne, when tortoiscs
which have moved into permanent end often ssline water duri .y
the summer and avtumn, leave it in search of new habitats.
This ocecurs actuvally while rain is falling, Scme (. oblones
were picked up by wading through shallow swamps and sone
were caught in baited funnel traps.

Chelodina steindachneri was cantured chiefly in haoitaed
funnel traps. These were made from one or two inch mesh
wivre netting on a ¢tiff wire frame which peasured about
four feet long and two feet in diameter. 4 funnel was node
from the netting at one end and the other end was detochadbic.

80 the catch could be removed, The bait was wired into the

trap so it could not be reached from the outside,
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The traps werc set in pools in creeks in likely arcas,
They were placed on a sloping bank with the funnel at the
deeper end and part of the upper end out of the watsr, so
that any captured tortoises could breathe, The bailt used
varied, depending on what was available, but best results

were obtained by using galah (Kekatoc roscicapilla), Meat

from some other birds and from red kangaroo (Megaleia rufa)

was also used with success,

Some C. steindachneri were captured using hand nets
and & spotlight at night., This technique is particularly
suited to the small steep sided pools which ocecur in

creeks passing through rocky country.



3.0 BIOQLOGY AND

NATURAL HISTORY
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3.1 MORPHOLOGY

3.11 E. uymbrina

The externals of P. umbrina have been previously
described (Siebenrock 1901, 19073 Glauert, 19543 Williams,
1958) s The colour of living specimens varies with the type
of swamp. The carapace is similer in colour to the swamp
water and varies from a medium yellow-brown in clay swalps
to almost black with a maroon tinge in the black-coffee
coloured water of the sandy swamps. The plastron is a pale
yellow-brown with areas of recent growth along the sutures
brown-black, Hatchlings are grey above and bright cream
and black below,

P. unbrina is the smallest of the Australian Chelidae
and adult males do not exceed a carapace length of 155 mm
or a weight of 550 gm, Females are smaller than males,
The 17 adult females handled during the study had an average
carapace length of 125,6 mm {(range 120.0 - 133,3) and a
weilght of about 325 gm (272 -~ 4OR), On the other hang 18
adult males had an average carapace length of 14+0.5 mm
(131.0 - 152.6) and a weight of about %00 gm (327 - 540).

The sex of P. umbrina, greater than 110 mm carapace
length, can be readily distinguished, Apart from being
smaller, females have a flat plastron and a small tail,

Males have a concave plastron and a longer, thicker tail,
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The shape of P. umbrina varies with age, TFigure 5
shows that hatchlings have a length-~width ratio of about
1 ¢ 1.7, but they quickly become more circular until, after
three months' growth (carapace length 42 mm), the ratio has
changed to about 1 ¢ 1,06, One and a half year old
tortoises (8% mm) are also the same shape but hereafter
the carapace becomes relatively longer until the adult
length~width ratio of about 1 : 1,29 is attained.

A figure showing the relationship between carapace
length and body weight is also given (Figure 6). Body weight
can vary considerably in one tortoise, depending on the
degree of desiccation and the quantity of urine in the
urinary bladder and water in the lateral bladders (see below).
The body weights plotted in Figure 6 are of fully hydrated
tortoises with the lateral bladders empty. Usually the
tortoises empty the lateral bladders when they are handled,
but any remaining fluid was removed by applying pubic
pressure with the thumbs,

It is well known that the pattern of scutes (or shields)
on the carapace and plastron of turtles and tortoises may
differ from the typical pattern. Of 103 P, umbrina examined,
77 (74.8%) showed some variation from the typical pattern
for this species (Table 1). However, of the 77&alypical
tortoises, only 16 (15.5% of the total) possessed inserted

or extra scutes and two (1,9%) had fewer than the normal
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number of scutes., Seventy three (70.9%) had some form of
divisicn in the mid-line of the second and third vertebral

scutes and five (4,9%) had a partially or totally divided

nuchal scute. Adult P. umbrina have s vertebral groove
in the mid-line of the carapace, but thig does not
necegsarily cause this splitting since it occurs in hatch-
lings as well, and they have no groove,
Zengerl and Johnson (1957) examined 2,220 Testudines
of 118 species and seven families and found that 951 (%3%)
exhibited one or more scute variations. Many of these
variations were heterotopic sulei or incomplete expression
of normal sulci., These were not recorded in the present
study since they rarely appear in hatchlings or juvenilcs
and seem to be a result of aging. Thus, P. umbrina appears
to have a more variable scute pattern than is the average.
However, many other species show high degrees of variability.
Most suggested explanations of the origin and signifi-
cance ol scute aberrations z%e highly speculative and
only Lynn and Ullrich (1950) have presented experimental
evidence on the problem., This suggested that humidity
factors during critical stages of embryonic development
causes the abnormalities, Cagle (1950) also showed that the

handling of eggs of Pseudemvs scripta caused a marked

increase in the proportion of scute variability in the

hatchlings., Whatever the cause, most abnormalities present
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in adults appear to have no effect on the well-being
of the tortoise,

Detailed dissection of the soft parts has not been
carried out due to the lack of specimens. However, the
one or two specimens available showed that, in common with

Chelodina oblonga and §. steindachneri and probably all

other Australian Chelidae, P. umbrina possesses a pair of
bladders opening laterally into the cloaca in addition to
the urinary bladder which opens ventrally (Figure 21),
When a tortoise is lifted from the water it usually voids
a quantity of fluid from thesc bladders, Analysis (Section
5.3) has shown it to be the same as the water in which Lhe
tortoise had heen situated, Lateral bladders occur in
other Testudine families, bul their function is conjectural .
Their use in acquatie respiration has been suggested and
this seems to be the most tenable explanation. However;
the present study suggests that they may also act as a space
for the storage of water, which can be vtilised by a
tortoise, which is forced to remain cuv of the water for
some time.

The osteolegy of the shell and skull is described in

section 6,2,
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3.12 Qther Species

Chelodina oblonga is normally a dark grey or black,

with brown markings above and a pale grey below. It has
been shown to be able to change colour from lighter to
dariker shades, depending on the background (Woolley, 1957).

It 1s much larger than P. umbring, attaining a carapacec
length of at least 270 mm and a weight in excess of two
kilograms, These figures are for females, which, unlike
those of P. umhrina, are larger than the malss. The largest
male handled was only 211 mm long. (. oblonga has a
particulariy long and thick neck. It is about the same
length as the carapace and cannot be effectively withdrawn
into the shell,

Sexual differences are also evident and are similar
to those ocecurring in P. umbrina. Males have a much longer,
thicker tail and a slightly concave plastron while females
have a short tail and a flat plastron,

The shape is oblong, The carapace length-width ratio
of adults and juveniles ig about 1:1.5 to 1:1.75,

Atypical scute patiterns are also common in C. oblonga.

In a sample of 19 from Shenton Park, Western Australia,
ten (952.6%) had inserted scutes and two (10.5%) had vertebal
scutes divided in the mid~line. A common pattern in this
species is the possession of six vertebrals instead of

the typical five,
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Chelodina steindachneri is a bright red-brown above,

in keeping with the colour of the water in north-west
Australia. The plastron and underparts are a pale yellow-
brown, It does not grow as large as {. oblonga and has
a relatively shorter, thinner neck, which can be withdrawn
into the shell.

Like those of C. oblonga females grow larger than
pales. The largest female handled during this study had
a carapace length of 191 mm, while the largest male was
only 161 mm long.

Sexual differences are not so obvious as in the other

two species. The sex of (. steindachneri can only be

distinguished by applying pubic pressure with the fingers
or thumbs, If the tortoise is a male it will then extrude
its penis. Females do have a slightly smaller tail but

the difference is hard to distinguish.

G. steindachneri are nearly circular in shape, Carapace

length-width ratios average 1:1.15.

Atypical scute patterns are also common, In a samplao
of 33 from Wiluna, Western Australia, ten (30,3%) had an
inserted scute and one (3.0%) had a scute less than typical.

None had scutes spiit in the mid~line,
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3.2 GEOGRAPHICAL RANGE

3.21 E. umbrina

The known range of P. wmbrina is extremely restricted.
Almost all specimens have come from the two reserves at
Upper Swan and Warbrook, or from land within four or five
miles of them., The greatest distance from a reserve that
specimens have been obtained is eight miles - at Middle
Swan and Swan View (Figure 2). It still occurs on land
near the reserveg but the absence of summer refuges on
cleared land is limiting.

Reports of sightings at Mogumber, 70 miles north of
Upper Swan, and Pinjarra, 60 miles south, and Donnybrook,
150 miles south, have been made but these have yet to be
confirmed by the collection and positive identification
of specimens.

3.22 Other species

C. 0blonga occurs only in the south-west corner of

Western Australia (Figure 1), wherever there is permanent
or semi~-permanent fresh water. Reports of this species
in northern Australia are incorrect,

G+ sleindachneri ranges throughout the north-western

parts of Western Australia (Figure 1). Collecting has
not been thorough but it is thought to occur north to the
De Gray River, east to Windich Springs and the Wiluna

district and south to the Irwin River,
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3.3 LLIMATE

3,31 E. umbrina

The climate of the Upper Swan-W _-vocok arca is
typically Mediterranean, with faivly heavy winter rainfall
end a dry, warm to hot summer.

The Swan Viticulture Regearch Station, which is
situated half a mile west of Ellen Brock Reserve and three
miles south of Twin Swamps Reserve, is a recording station
for the Commconwealth Bureau of Meteorology and has kept
weather records for the past ten years, Rainfall at this
station is summarised as follows:

SWAN RESEARCH STATION

Monthly rainfall July, 1957 ~ June, 1967 in Points.
Mean and range (onc point = 9.0l inch)

Janvary 30 (2 - 120) July 5 (198 - 1240)
64 ) August 419 (86 - 648)

February 27 {0

March 5i. (0 -~ 19%) September 210 (L8 - 345)
April 7 (8 ~ 339) October 185 (7% - 405)
May 436 (27 ~ 100%) November 65 (5 - 231)
June 629(107 - 128+) December 57 (9 - 110)
Yearly Rainfall (inches)

1958 21.17 1961 28,86 196% 41,84
1959 16,53 1962 29.77 1965 34,55

1960 26.45 1963 39.46 1966 24,53
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The annual average of 28,36 inches is probably lowern
than the true figure because of the short periocd of records.
The totals for 1958 and 1999 are suspect since Belvoir,
chree miles to the souih, recorded 29.81 and 21.26 inches
respectively. The snnual average at Belvoir (73 years)
is 30,80 inches, Unfortunately, this station ceased
recording in 1961,

Ellen Brook Reserve probably receives more rain than
Twin Swanmps Reserve because it is closer to the Darling
Scarp. The Climatic Survey, Region 15 - Metropolitan,
Western Australia (Commcawealth Burecau of Meteorology, 1955)
shows the Ellen Brook Reserve within an area having an
average rainfall of 32 to 3% inches, and the Twin Swamps
Reserve within an area having an annual average of 30 to
32 inches,

Most rain falls durirg the months May to October, with
June and July the wettest months, The swamps on the two
feserves contain standing water for different times each
year, depending on the type of swamp, as well as the rain..
fall, but water is usually present on the Ellen Brook
Reserve from late May, or early June, until mid-November
and on the Twin Swamps Reserve from mid-June until mid-
December., However, the amount and pattern of rainfall can

have a marked effect on the duration of the swamp, In 1964
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%1.8+ inches of rain fell and South Rast Swamp, on the
Twin Swamps Reserve, contained water until the middie of
January, 1965, In 1966 rainfall was below average
(24.53 inches) and swamps on the Twin 3wamps Reserve did
net start to £ill until mid-July end were dry by the end

of October, The duration of standing vater on thz Bllen

Brock Reserve is not affected so much by differing rainfall,

because the clay soil holds water better and the swampe
T11l more eeseily. However, when they have 7illed to
capacity the surplus water drains away into Fllen Brook
end they do not continue tc deepen like some swamps on the
Twin Swamps Reserve.

The way the rain falls is also fmportant., A given
amount ¢f light rain, spread over a long period, will not
Till the swamps as much as the same amount of rain falling
heavily in a short time and producing more run-off,.
Normally, much of the rainfall is heavy and falls of two
or three inches of rain in 2% hours are not uncommon.

Temperatures during the summer months often rise
above 3006 and occéasionally rise above 40°C.  The highest
maximum recorded at the Swan Research Station is M%.SOCO
During the winter maximumn temperatures are usually between
150 and 20°C and overnight minimums may drop as low as

0 ) .
L¥C. Frosts are recorded occasionally.




28,

3.32 Qthexr Snecies

The climate of ths area inhabited by Chelodina
oblonga is largely similar to that discussed above, The
specieg is limited to areas which have more than about 25
inches of rainfall per year and in parts of its range the
average rainfall is over %0 inches., Temperatures throughout
its range are similar to those ai Upper Swan, although
those on the south coast would be a few degrees colder,

Host of the range of Chelodina steindachneri has an
annual average rainfall of less than tenh inches and some
of it has less than eight. Most of this rain is the result
of summer tropical cyclones, so the creeks inhabited by
G. steindachneri would only run for a few days per year.
Maximum temperatures over 40°C are relatively common and

the temperature may rise over 45°C on occasions,

3.4 HABITAT

341 P. umbrina

F. umnbrina appears to be restricted to temporary swamps
where soils are either clay or sand over clay and which
have suitable aestivating refuges nearby. These two soil

types are typified by the two reserves to which the tortoise

is largely restricted at the present time,
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Ellen Brook Reserve (Figure 3) is located at Upper
Swan and lies to the west of the Great Northern Highway,
at the 21 mile peg, It has an area of about 155 acres of
which only about cne oguarter is inhabited by P. umbrina.

The soils of this part are mapped within a gilgai
complex and a clay-pan complex by Pvm (1955). He deccribes
the gilgail complex as having "a characteristic microreliefl
of puifs and sink-holes........ The profile at the top of
the puff is that of a Bellvue clay loam, whilst the materiel
found in the sinkholes is a dark brown loam or sandy loam
over a brown or yellow-brown mottled clay at two inches,
Sometimes tunnels lead away from these depressionSseecnnaan
Drainage is poor in the gilgai COMPLEZaresssas The sink
holes are miniature swamps while the puff portions are
fairly well drained" (p,27).

He describes the clay-pan complex as having "some
sink holes. The soil of the elevated portions is sometimes
4 yellow~brown clay, as described in the gilgail complex,
and at others a brown sandy loam over a brown clay at
about six inches" (pp. 28, 29).

During the winter and spring the sink holes fill %o 2
depth varying between six and egighteen inches. 1In the
summer and most of autumn they are dry. The tunnels

mentioned by Pym {(op,citsd are well developed and occur
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in the part mapped as clay-pan complex, as well as in the
gilgai complex, although they are less numerous. They
are known locally ss "erabholes",

The main vegetation of the swamps {(Plate 4) is an
agsociation of Melaleuca lateritia eand the scdges

Leptocarpus canug and [,. aristatus. Aquatic species include

...... APt oAt

and Pritzelia pyvemaca. The puffs are covered by a complex

association of annuals and semiannuals, which are dominated

by the shrubs Acacia cvanonhvila, Viminaria denudata,

Melaleuca viminea, Hakea varia and Jacksonia Sternbergigna.

TlelRSeTE wabedm Teain T At g A e

The annuals include Drosera gigantea, Neurachne alovechurnides

e Pk e

and Verticordis dengiflora. The bladderworts ULricularia

Hookeri and Polvpompholvx multifids are well developed

and at least 14 species of Orchidaceae occur, There are

scattered specimens of Bucalvptus rudis in the area and

large numbers occur along Fllen Brook. A more detailed
degeription of the flora is given by Lindgren (in Iucas,
1963),

Ellen Brook, a tributary of the Swan River, runs
through the regerve. It does not flow during summer hut
does contain permanent pools. These are not used by

P. umbrina but are inhabited by Chelodina oblonga.
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Twin Swamps Reserve (Figure 4) is located at Warbrook
and is three miles north of Ellen Brook Reserve, It is
bounded on the north by Warbrook Road and on the west by
the Midland Railway. It had an area of 350 acres but has
recently been enlarged to about 388 acres,

The soils have been mapped within the Beermullah
Association by Bettanay et al (1960), who describe it as
consisting of "a pattern of sendy and solonetzic S01LlS weennw
The soils are of low agricultural value, being poorly
drained and high in soluble salts owing to the presence
of an impervious pan al shallow depths" (p.9).

On the reserve low, stable sandhills surround the
swalips in the eastern and southern parts and the north-
western part is uniformly low lying. The swamps and low
lying areas have a sandy surface soil and the impervious
white claypan occurs at a depth verying from six to
eighteen inches,

The swamps sre dominated by shrubs and treecs of the
genus Melaleuca, the species varying with the type of swamp,
In shallow, sandy swamps, which contain a maximum of eight
to ten inches of water, e.g., North West Swamp (Plate 6),

M. viminea is dominant and clumps of the sedges Lepfocarpus

canus and [,. aristatus abound. Aguatics, such as

Villarsis capitata and Trislochin acuta, and clumps of

filamentous Algae occur, but not in great density,
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in deeper swamps, which may contain up to 24 or 30
inches of water, the dominant species are M. Leretifolia

and M. raphiophylla, The shallower portions, e.g. the

western two thirds of East Swamp (Plate 7) M., teretifolia

is more common and clumps of gsedges and reeds (8choenug
spp.) occur, Near the edges M, viminea also occurs,
together with Calothamnus lateralis. Aquatics are similar

to the shallow swampsg., In deeper, muddy portions, c.g.

South East Swamp (Plate 8), M. raphiophvlla is dominant

and stands of the reeds Eleocharis acuta and Tvoha

angustifolia occur. The aquatic Ruppia maritima can be

very dense and the duckweed Spirodela oligorrhiza is common

e

late in the season.
The sandhills (Plate 9) rise to about ten feet above
the swampsg., They are covdred by a Banksia wocdland, the

main species being B. Menziesii, B. attenuata ang

B. ilicifolia. B. littoralis occurs in the parts adjoining

e

swamps., FEucalyvptusg calophylla, E. dodtiana, Nuvigia

floribunds and Cagvarina Fraseriana occur in low density,

scattered through the woodland and Melaleuca parviflora

occurs in the lower lying areas. The understorey is provided

S T i

by Jacksonia furcellata, Macrozamia Reidlei and Leptospermum

ellipticum and there is s ground cover of such spreading

plants as Phlebocarya clliata, Dasvpogon bromelasefolius

and Conostvlis spp.
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The remainder of the reserve is made up of low lying
country (Plate 10) which is covered by a plant association

dominated by Regelia ciliata. Stirlingia latifolia is

also common and may become the deminant species in lower

lying areas. Banksia sphaerocarna, Dasypogon hromelaefolius

and Phlebocarva ¢iliate are also fairly common and the

3

paper bark, Melaleuca parviflora, is scattersd through

parts of the area, Groves of Acacia cyanophvlla occur where

the sand is slightly deeper. Annuals include varicus orchids

and the green kangaroo paw, Anigozanthus viridis. Much of

the Regelia association is covered by one or two inches
of water during winter and early spring.

A more detailed description of the flora, together
with a discussion of phytogeographical relationships, is
given by Lindgren (in Lucas, 1963).

3.42  Other species

G. oblonga is found in permanent swamps, rivers and
lakes, ag well ag in some semi~permanent swamps, which may
be dry for one or two months in some yvears. Typical
permanent swamps and lakes on the Swan Coastal Plain contain
three to twenty or more feet of water and have a deep muddy
bottom, 1In the shallower portions reeds, particularly
Iyphe sngustifolia and Cladium spp. are well developed

and paper barks, Melaleuca spp. and swamp guas (Eucalvptus
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rudig) occur. Such a swamp is figured in Plate 11,

txPivrds

B

C. oblonga also occurs in rivers and creeks which flow
during the winter and recede to a few pools during the

dry months, They may be found in typical temporary

swamps in the winter but they move back from these to
permanent water when they dry. Near the coast they occur
in saline estuaries and have occasgionally been reported

in the sea near the mouths of rivers or drains. It appears
unlikely that they feed in saline waters but they probably
uge them as a refuge in the hot, dry summer months.

G+ stendachneri occurs in creeks and rivers which
contain water only in isolated pools for much of the time
(Plate 12). These pools may be in rocky or sandy areas
but always have a sandy bottom. They are characterised

by the River Gum (Bucalvptus camaldulensis). The pools

pri

may be dry for several months and occasionally over a wyear

at a time,

3.5 REPRODUCTION

3.51 Pseudemyvdura umbrina

Reproductive data for this gpecies are necessarily
limited since PE. uwbrina is both rare and fully protected
by law. This precludes macroscopic and histological

examination of the ovaries and teogtes.
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Burbidge (in Lucas, 1963) found that the sex ratio
of P, umbrina was not significantly different from cne to
one. Iigures from the present study confirm this, since,
of the 32 adults handled, 16 were of either sex.

Copulation has not bheen observed in the field. Captive
animals copulate at any time during the winter and spring
months, Copulation takes place in the water and the male
mounts the female from the rear, the concave plastron
fitting over the slightly domed carapace of the female,
One male, on June 18, 1967, was observed in a similar
position in the field., It was apparently attempting to
copulate with a female which was fitted with a radio
transmitter.

Females lay three to five eggs per annum, 4 female
from the Twin Swamps Reserve, dissected by Dr. W.D.L. Ride
(pers.comm.) on September 7, 1959, was found to have five
large (circa 20mm diameter) ova in its ovaries, Radiographs
were made of seven females captured on the Twin Swamps
Reserve during the second half of 1966, Two captured on
September 11, and X-rayed on September 15, did not contain
shelled eggs. However, of four captured on October 29 and
X-rayed on October 31, two contained four eggs, and two
five eggs (Plate 13). Another captured on November 18 and

radiographed on November 21 also contained five eggs.
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Nesting occurs in November or early December, A
captive female from the Ellen Brook Reserve laid three
eggs on November 23 and 24, 1964, in a trough of water
where it was being held temporarily. One of the females
which was X-rayed in November, 1966, was placed in a sand
filled terrarium, It laid its eggs on December 1, 1966,
The eggs were deposited in the soil, the bottom eggs about
four inches below the surface and the top egg about three
inches below. HNesting has not been observed but it is
presumed to be similar to that of C. oblonga which is
described below,

Only one nest hag been found in the field. Dr. A.R.
Main found it on the Ellen Brook Reserve on October 9,
1963, It contained three decomposing eggs. At the time
there were two inches of water on the ground above the
nest, which was about four inches below the surface of the
clay, in the shade of a Melaleuca lateritia and clumps
of Leptocarpus csnus.

It is interesting to note that the only iwo clutches
from tortoises from the Ellen Brook Reserve contained threec
eggs compared with four or five from the Twin Swamps Reserve,

The eggs are hard shelled, Three from a female from
the Ellen Brook Reserve averaged 3%.3 mm by 20,1 mm (33.2 -
3.9 by 19.8 - 20.4) and five from a female from the Twin

Swamps Reserve averaged 37.6 mm by 20,0 mm (35,5 - 38.7 by
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19,8 - 20.2)., The average weight was 8.6 gm, Their
shape is symmetrical and not enlarged at one end like a
bird's egg. In one egg which was examined the shell was
found to be 11,5% of the total weight and eight thousancils
of an inch (0,203 mm) thick.

The hatchlings emerge the following May or June, that
is aboub 180 days after laying. No exact hatching date is
known in the field but two hatchlings were found on the
Twin Swamps Reserve by Fauna Warden S.W, Bowler on May 7,
1964, Dates of emergence in captivity are May 20, 1960,
in a terrarium owned by Dr. W,D.L. Ride, and June 6 and
July 14, 1966, at the South Perth Zoological Gardens.

3.52 Qther Speciles

BT

Copulating C. oblonga have been observed in captivity
and they behave gimilarly to P, umbrina, It has only been
observed in recently captured specimens, during the winter
and spring and it is not known whether it takes place at
other times of the year in permanent water situations.,

The eggs are similar to those of P. umbrina. Thirty-
nine eggs from the Shenton Park Swamp averaged 34.9 mnm
(31.8 - 38.4%) by 21.3 mn (19,4 - 23,1), The average weight
was 9.3 gm (7.7 - 11.3),

Near Perth nesting occurs in Oclober and November. In

1966 the peak of nesting occurred on Octoher 20. At

Shenton Park Swamp females started to leave the water at
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13C0 hours and nesting continued until midnight. A4 total
of over 40 females nested during this time, and at 1600
hours, 14 were out of the water at oace, The air temper-
ature during the afternoon and evening varied from 3OOC
at 1400 to 24+°C at 1630 and 22°C at midnight. Thers was
about eight tenths cloud most of “he time and light rain
had Tellen in the morning. A peak in Laying occurred &3
other swamps near Perth on the came day, Smaller neaks
oceurred about three weeks previously and on November 170,
In 1965 and 1944 most nesting activity also took place
during the latter half of Qectober.

The nest is dug al a distance varying from a few yards
to half a mile from water., Firm, sandy soil is selected.
first a vertical shaft six or seven inches deep and one
enc a half %o two inches wide 1s dug, using the hind feot
alternately, The s«il dis lifted out on the bottom of the
foot which is turned back to form a cup. After the soil
1s lifted cut it is pushed into a heap behind the hole and
then the other foot is placed down the shaft and the
procedure repeated, When the shaft is finished a spherical
chamber with a diameter of about four inches is hollowed

out at the bottom, Total digging time is between 15 and

25 minutes,
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The eggs are then lald., Eggs appear at intervals
varying between 45 seconds and three minutes, the interval
becoming greater towards the end of the clutch. DBefore
the eggs are laid one of the hind feet is placed down the
shaft and the eggs drop onto it and are pushed to one side
of the chamber before the next egg appears, The last two
or three eggs may be placed in the shaft if there is
insufficient room in the chamber. After laying is complete
the shaft is filled in using soil from the heap behind the
hole, After a little soil has been pushed into the shaft
it is packed down with one of the hind feet. When the
shaft is full the tortoise rams down the soil by lifting
thé rear part of its body off the ground and letting it
fall again., This is continually repcated as it moves
around the nest disguising the entrance. The tortoise then
returns to the water, The whole procedure takes from 25
to 40 minutes, plus the time spent walking to and from
the water,

Various reports suggest that tortoises urinate on the
01l either before digging commences or after the sggs are
laid. This was not observed, After a nest has been
refilled the surface soil often appears damp, but this is
because it has been dug from a few inches below the

surtface.
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The eggs hatch the following May or sune, that ig
about 200 to230 days after laying,

Lo obionga eggs have been successfully hatched in the
laboratory., Six eggs which were laid in October 1965 were
teft in the soil until March 1966. They were then kept
in the air at room temperature. Two juveniles emerged
on May 22, 1966, The other eggs were either infertile or
dehydrated, Thirty eggs from five clutches which were
laid on October 20, 1966 were kept in moist peat moss in
the laboratory. ©8ix of these hatched between May 7 and
May 9, 1967, that is 200 days after being laid. They werc
kept at a mean temperature of 2300. The remainder were
infertile or died from being too moist.

Some eggs which were laid on October 20, 1966, at
Shenton Park, were allowed to incubate naturally. These
eggs hatched between May 10 and May 28, 1967, with a peak
on about May 24, that is 216 days after laying,

Some hatchlings apparently remain in the nest after
hatching, or else hatching is delayed under some conditions,
since emerging hatchlings have been seen as late as August.
Some hatchlings remain in the nest after hatching, since
Teports have been received of their being dug up in gardeng.

Little data are available on reproduction in
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The egg number is unknown, but if the egge are the
some size as those of P. umbrina and G. oblonga it is
difficult to imagine a female containing more than elght
or ten,

Nesting dates and incubation times are also unkrnown,
but available information, based on conversations with
residents in north-west Australia, suggests that the eggs
sre laid in spring (September or October) and hatch in
February.

Most of the area where C. gteindachneri occurs has

gummer rain, from tropical cyclones, in late January to
March, and it is logical to expect the hatehlings to emerge
vhen the rains come. However, because of the uncertain
nature of rainfall in north-west Australia, laying and
hatching dates may vary from year to year and from locality
to locality.

Some data are available on the incubation times of
other Australian Chelidae. Worrell (1963) reports hatching

the eggs of Emydura macguaris in ten weeks. Goode (1.965)

states that E. macguaria nests in November on the Murray
River, Victoria, and that a natural incubation took 78 days.,
Tneubation in the laboratory at 29,5°% took 62 to 75 days.
Fggs of €. longicollis took a little longer and the eggs

of C. expansa, which are lald in autumn and over-winter,

took slightly more than a year to hatch, Hausmann (1964}
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incubated the eggs of the South Arerican Chelid,
Chelus Cimbriatus, at 27°C. They hatched in 200 to
208 days,

It can be =zeen tnat the eggs of P. ymbrina and
C. oblonga take congiderably longer to incubate than do
the eggs of E. macquaria or . longicoliis which are laid
under similer conditions, and at a similar time of the
year, The advantage of delayed hatching in P. umbrina
is clear, since, if the eggs hatched earlier, there would
be no water available and the hatchlings would die.
Mogt C. oblongs live in permsnent water, but some live in
semi~-permanent swamps and the long incubation time would
be of adventage to these,

The egg number ol some other Australian Chelidae is
¥nown. Goode (pers.comn.) states that C. longicollis lays
from six to 12 eggs per clutch with an average of aboul ten.
C. expang=s lays np to 22 per clutch (average about 15) and
%, macguaria up to 24 (average about 16),

Thus, it is evident that . umbrina lays considerably
fewer eggs than other Australian Chelidae. This must be
chiefly & result of its small size, The eggs are of a

similar size to most other species and a greater number

could not be contained within the small body.
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3.6 GROWIH

3.6 Pgeudemydura umbrina

Growth rings occur on the scutes of juvenile
. umbrina. It ig assumed that they occur at intervals
of one year because feeding only takes place under water
and standing water is present only from June to November
or December each year.

Several juveniles have been recaptured at intervals
after they were marked and released. However, only one
of these showsd the predicted amount of growth. It was
from the Ellen Brook Reserve., When releasged on September
9, 1963, it had a carapace length of 98.1 mm and had five
rings on its scutes in addition to the birth ring. When
it was recaptured on November 11, 1964, it had six rings
and was 105.5 mm long. The other recaptures were made on
the Twin Swamps Reserve in 1966 and 1967, but these were
of no use since little or no growth took place in 1964 due
to the unusuel season (see below). However, juveniles
which were marked in December 1965 and October 1966, and
which were recaptured early in the following winter had
not grown, confirming that growth does nol take place
during the period when the swamps are dry, Thus,; it can
be seen that growth only takes place during the period when
standing water is present and the growth ring will be

formed at the end of this period.
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Cagle (L96) reported a similar yearly growth pattern

in Eseudemvs scripta elegahs, but in this case the

formation of the ring is due to the cessation of growth
during winter hibernation.

In some other species, however, growth rings do not
necessarily form at regular intervals, but may be the
result of a temporary change in the physiological condition
of the tortoise. Woodbury and Hardy (1H8), for example,
found that the age of the desert tortoise, Gopherus
2gagsizil, cannot be determined by its rings., This is
also the case for Chelodina oblonga and C. steindachneri,
The former usually occurs in permanent water and may feed
throughout the year, while the latter occurs in temporary
water which may be present for varying times each year,

Elseva dentata is a species which has marked growth rings

which do not disappear in the adults and a study of it
might be fruitful.

Since the hatching date of P. mmbrinsg is May or June
(Section 3.5) the first growth ring will occur in November
or December the same year when the water dries up. Growth
then does nd recommence until the following winter., In
older juveniles the inner rings are absent because the

scutes are ghed every two or three years and these rings

are gradually obliterated, Thus, in a three year old



P. uwmbrina the ring around the hetching scute is no longer
clearly visible, but the first, second and third rings
which occurred at six months, onec and a half and two and

a halfl years of age, are still visible, Similarly, in a
six year old tortoise, only rings number four to seven are
still visible. However, by the comparison of tortoises

of different sizes a complete picture can be built UpPa
Adults possess nons of the juvenile rings, but since they
keep growing slowly. apparently until death, narrow rings
nay be visible near the edges of the scutes.

The width of the first vertebral scutc of the carapace
has been used as a guide to growth., The width of the scute,
and of any rings on it, was measured with vernier calipcrs,
at a point half way between its front and rear cdges.

Whgn the total width of this scute is plotted against
carapace length (Figure 7) it can be seen that the width
increases linearly until the tortoisec exceeds a length of
100 mm. After this, the carapace length increases at a
greater rate than the width of the scute. This is correlataed
with the change in the length-width ratio (FPigure 5),
REowever, the width of thec first vertebral scute is fairly
constant for a given carapace length,

Data for juvenile P, umbrina captured on the Twin

Swalps Reserve are summarised in Table 2. This gives the
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probable growth rate of juveniles when the swamps hold
weter for six months every vear. It shows that the
tortoises can attain a carapace length of 120 mm and a
welght of 250 gm at five and a half years of agc. One
hundred and twenty millimetres carapace length is the size
of the smallest femalec known to lay cggs. The size of
males on attaining sexual maturity is unknown, but a
captive male of 131 mm has been observed copulating,

Actually, the amount of growth differs from vear to
year. Table 3 shows the average size attained by hatchlings
by the end of the first growing season, in the years 1963
to 1966. It can be seen that the amount of growth depends
upon the period when feeding can take place. Thisg is
particularly evident in tortoises which hatched in 19646
when water was present for only threc months instcad of
the usual five to six. They grew to only one third of.the
weight attained by hatehlings in normal years., In 1966
water was present from mid July to mid October and the
Tact that the hatchlings grew to one third of the normal
welght instead of a half suggests that most growth takes
place in late spring and early summer when the water is
warmer (seec 3ection 4.2).

The figure of five and a half years to sexual maturity

for females is, therefore, probably too low. It would be
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unusual to have a number of successive years with average,

or above average, rainfall, Also data on near adults are
scarce and females may grow more slowly than malcs when
nearing maturity. Thus the average number of years %o

sexval maturity is more likely to be seven or ecight depending
largely on the annual rainfall,

Data on growth of P. umbrina from the Ellen Brook
Reserve are limited but it appears that the rate of growth
is lower there than on the Twin Swamps Reserve., A juvenile
captured at the end of the 1966 growing season had a
carapace length of 61.0 mu and a weight of 44 gm., It had
hatched at the beginning of the 1965 winter and had reached
& carapace length of 50 mm and a weight of about 27 gm by
the end of 1965, compared with 63 mm and 45 gm attained by
hatechlings on the Twin Swamps Reserve. Another juvenile
was captured on January 27, 1965, It had probably hatched
in 1960 and had a carapace length of 99.5 mm and weighed
150 gme P, umbrina of a similar age on the Twin Swamps
Resecrve are about 114 mm and 215 gm.

It would appear, therefore, that the tortoises on the
Ellen Brook Reserve take at least two years and possibly
three years longer to attain sexual maturity. This must
be mainly due to the shorter duration of the growing

season since the swamps on this reserve usually contain
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standing water for only five months each year instead of
the six to six and a half months on the Twin Swamps
Reserve (3ection 3,3). Food may also have an effect
{Bection 3.7).

3.62 Qther Species

o data are available on the growth rates of
Ghelodina oblonga or Chelodina steindachneri. At hatching

vl i

C. oblonga has a carapace length of 29 to 33 mm and weighs

b to 7.1 gm,

3.7 I0O0D

3.71 Pseudemydura wibrina
P

. unbrina is carnivorous. The stomach of a female

i

(from what is now the Twin Swamps Reserve) which was killed
and dissected by Dr., W.D.L. Ride on September 7, 1959, and
examined by Dr. D,H.D, Bdward (pers.comms.) containcd
aquatic crustaceans, insects and insect larvae. Inspection
of the faeces by Graham (in Lucas, 1963) showed that they
also eat small tadpoles,

Inspection of faeces during the present study has
largely confirmed the above observations. It is also
probable that a significant part of the diet on the Twin
Swamps Reserve may be an aquatic carthworm of the genus

Rhododrilus., This earthworm is very common in the top two
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or three inches of soil in the bottom of the swanps and
the tortoises are thought to dig them out leaving character-
istic depressions (Plate 7), Unfortunately, the presence
of these "feeding depressiong” in a swamp does not
necessarily mean that P, umbrina occcurs in it, because
other animals, particularly ducks, also feed on thc earthworms,
Rhodedrilus sp. do not occur in the clay swamps on the
Ellen Brook Reserve, Known foods are listed in Table 4.

Foed is thought not to be a limiting factor on
. ambrina on the Twin Swamps Reserve, The swamps on this
reserve are very rich in invertebrate life and as the water
recedes in late spring and early summer the aquatic fauna
becomes particularly dense. However, on the Ellen Brook
Reserve the aguatic life, although fairly plentiful, is
not present in quite the same density, and this, coupled
with the absence of earthworms, may in part account for
the lower rate of growth of juvenile L. umbrina there,
However, the shorter period of standing water is probably
the more important factor (8cction 3.6).

£+ umbrina will only feed under water. It docs not
appear to be a selective feeder but eats anything that
moves and is catchable., In captivity it will not readily

take meat or fish and can only be persuaded to sat them

when very hungry.
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3.72 Qther specics

The diet of Chelodina oblonga is similar, except

that it feeds readily on carrion and will take small birds
such as the young of ducks and coots, A certain amount
of plant material is also eaten,

G. steindachneri will also take cerrion but it

probably does not grow large egnough to prey on birds.

Otherwise its diet is similar to that of C. oblonga,
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4,1 MOVEMENT

%.11 B. umbrine

4,111 General

A total of 21 adult P, umbrina were cguipped with
redio transmitters (Table 5). TFourteecn of these were ro-
equipped after an initial period, or were returned to the
laboratory to have the battery replaced to prolong transmitter
life,

Seven instrumented P, umbrina were releascd on the
Ellen Brook Reserve and the renaining fourteen on the Twin
Swamps Reserve. Instrumented tortoises were always releascd
exactly at the place where they were captured, 0f the
seven released on the Ellen Brook Reserve, five transmitted
signals for a period long enough for useful information
to be gained on their location and behaviour, Similarly,
of the fourteen released on the Twin Swamps Reserve, uscful
information was gained from ten. One tortoise died shortly
after release and five transmitters Failed shortly after
their bearers were released and were lost, Tortoises
with transmitters on their backs will eventually peel then
off when they next shed the carapace scutcs., One tortoise
(§o, 13¢) which was lost on November 6, 196%, had shed its
transmitter when it was recapturcd on December 22, 1965,

Other tortoises, which were recaptured up to eight months
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after release, had not lost their transmitters, nor digd
any tortoise lose a functioning transmitter in this WaY
Adult P, umbrina are thought to shed their scutes about
every three yvears,

The failure to equip a higher number of P. umbrina
with transmitters was due largely to the lack of catching
success. During the study only 3% adults were captured
and four of thesc were released before radio~tracking was
contemplated. Only late in 1966 did the number of tortoises
captured exceed the number of trensmitters available, In
this year 20 adults were captured and twelve of them were
released after being equipped with transmitters,

Owing to the extreme shyness and rarity of P. umbrina
1t has only been possible to make limitcd observations on
behaviour in the field, Uost of these observations were
made on instrumented tortoises. A summary of the movement

and behaviour of P, umbrina on the two regerves lg as

follows:

4,112 Ellen Brook Reserve

Cn the Ellen Brook Reserve P. umbrina are found in the
water during the winter and spring. They are not territorial
and wander randomly throughout the whole of the flooded area,

The flooded area on the Bllen Brook Reserve consists
of a series of pools of varying size which have a few

vards of dry ground in between them. P. umbrina often
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cross these ridges to get to the next pool., One tortoise
(ifo 109 ), which was tracked throughout the winter and
spring of 1965, was located at successive weekly intervals
about 30 to 50 yards, in s straight line, from its previous
position.

When the water is too cold for activity (see Section
4.2) they rest on the bottom in the deepest part of the
pool, in a depression or under a fallen branch., At other
times they wander round feeding. Mark and recapture data
support the information gained from radio-tracking, that
the tortoises move randomly throughout the flooded area.

Feeding is thought only to occur ir daylight gsince a
tortoise must be able to see the food in order to capture
it., During winter and most of spring the water temperature
during the night is too cold for activity and the tortoises
rest on the bottom, In late spring and early summer water
temperatures during the night are higher (see 4.2), but
the extent of activity is unknown.

Wnen the shallower pools dry up, usually by early
November, some tortoises move directly into the crabholes,

while others move into the deeper pools. When these, too,

are dry, usually by the middle of November, all the remaining

Y. unbrina move into crabholes. They usually move from

one crabhole to another for a while, particularly if it
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rains, but, from the end of December uatil lMay, they
normally remain in the same location. Some tortoises mey
emerge Ifrom their acstivating sites for a short time in
mid-summer if it raing. One juvenile was picked up crossing
the adjacent Great Northern Highway on January 27, 1965,
during & shower of rain. It was crossing towards the
reserve from cleared country and may have been leaving a
poor aestivating site, since a light summer shower would
not have penetrated into any of the larger crabholes and
broken the aestivation of tortoises in them.

The pools start to refill usually in late May or early
June but the tortoises do not leave their summer refuges
and enter the water until it is fairly deep, usually in
mid-June, They then remain in the water for the rest of
the winter and spring.,

4,113 Twin Swamps Reserve

On the Twin Swamps Reserve the annual cycle of behaviour
of B. umbrina is largely similar to that on the Ellen Brook
Reserve, but is modified by the different type of country.,

During the winter, spring and early summer they are
found in the water of one of the swamps, They alsc may
move from one swamp to another, but here the distance is
up to 600 to 700 yards instead of less than 50, No reason
can be advanced to account for such movements., Within a

swamp the tortoises wander throughout the flooded area,
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Their behaviour with respect to temperature is the same
as the tortoises on the Ellen Brook Reserve, One tortoise
(No, 21 g) left the water for a period during September,
1966, and hid in litter under a shrub (Regelia giliata),
about 25 yards from the boundary of North West Swamp,
where it had been previously located, A4fter it had been
out of the water for three weeks it moved into West Swamp,
about 400 yards away. North West Swamp was shallower than
usual in 1966 and this may have stimulated the tortoise
to leave the water,

When the shallower swamps 4ry up, usually at the end
of November, the tortoises may migrate into a deeper swamp
or they may stay out of the water until the following
winter, After all the swamps have dried, usually by the
end of December, the remaining tortoises move from them
to their summer refuges., Initially they may hide under
litter in the Regelia asgociation, but usually they soon
move into the Banksia woodland. Tor the first few weeks they
may move frequently from one refuge to another, but from mid-
January until May they normally remain in the same place.,

The temporary refuges are usually under leaf litter,
commonly from Banksia Menziesii leaves or under fallen logs
or branches, The permanent aestivating refuge may be similar
to the temporary site or it may be a hole in the ground,

resulting from a burnt out tree root, or the digging of
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another animal. The only £+ uvnhring tracked during the
summer of 1965-66 spent most of the summer in a disused
den of a fox (Vulpes vulpes).

Cf the nine tortoises tracked during the summer of
1966-67, three acstivated under leaf litter, three in
holes in the ground and three under fallen branches.

When it enters a refuge a tortoise digs itself into
the soil so that most of the soft parts of the body, that
is the limbs and head, are under or lmmediately in contact
with the soil., The carapace remains above the soil, This
is thought to be a way of reducing water loss through the
skin (see Section 4,22).

When the first heavy rain falls in latoe April or
early May some of the tortoises emerge from their aestivating
sites and move to another location, However, most of them
do not leave their refuges until enough rain has fallen
for the swamps to start filling. The tortoises will not
move into a swamp until there are several inches of water
in it, This usually occurs in the middle of June but may
be delayed until July in some years. The swamps on the
Twin SwampsReserve have a sandy bottom and, although therc
is an impervious pan at a shallow depth, they do not fill

a5 readily as the clay swamps on the Ellen Brook Reserve

(see Section 3.31),
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Detailed maps of the movements of three tortoises on
the Twin Swamps Reserve arc given in Figures 8 and 9,
Disgrams summarising the location of P, umbrina on the
two reserves at different times of the year are given in
Figure 11,

%.12 Other sphecles

Little information igs available on Chelodina gblgnga

-

or . gteindachneri. C. oblongg is found in permanent

swamps, lakes and rivers and it does not appear to move
from these except to nest., Some . ghlonga live in semi-

permanent swamps which may dry for twe or three months in

late summer and avtumn, The tortoises are thought to either

move to nearby permanent water or hide up under fallen
paper barks (Melaleuca spp.). When the Ffirst heavy winter
rains fall many C. gblonga are found out of the water,
usually while the rain is falling. These tortoises are
thought to be searching for new habitats, especially for
temporary swamps, where food will be morc plentiful. This
exodus is particularly noticeable from saline waters, such
as the Swan River estuary., Reptiles, which continually
live and feed in hypertcnic saline water, have been shown
to have extra-renal salt excreting glands so that they may

maintain normal electrolyte concentrations, since their

kidney cannot excrete a hypertonic urine (Schmidt-iNieclsen

and Fange, 1958). (. ohlonga has no such gland (Section 5,33)
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so it probably does not feecd in salt water, but merely
uses it as a refuge during the summer, It then leaves
the sall water with the onset of winter.

Attemplts were made to radio-track C. steindachneri

in order to find out where it goes when the pools it

inhabits are dry. Four C. steindachneri, captured in

Poonthoon Pool on Mileura Ststion, 100 miles west of
Meekatharra in November 1965, were equipped with radio
transmitters. However, heavy rain fell before they were
released and the pool reflooded, A similar situation
occurred in 1966 when, although no tortoises were released,
preparations were under way., It would be most interesting
to find out exactly whers this species aestivates,
Discussions with residents in north~west Australia suggest
that they either bury themselves in the creek bed or beneath

litter and reeds on the bank. One C. steindachneri was

found buried in a homestead lawn., Another possibility is

that they move into burrows dug by Varanus gouldi.
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4.2 BHUVIROHNMENTAL INFLUBNCE

4.2l Temperature
4,211 Genexral

It is well known that the body temperature of reptiles
ig of great importance in the regulation of their activity
and metabolism and that many reptiles behaviourally control
their body temperature within certain lLimits when possible.
The behavioural regulation of body temperature is partic-
ularly well developed in diurnal lizards (Cowles and
Bogert, 1%t Norris, 19533 Dawson and Bartholomew, 19563
Licht, Shoemaker, Dawson and Main, 1965).

Freshwater tortoises and turtles have a problem in
that their body temperature is limited by their enviroﬁment
much more than terrestrial poikilotherms. Water, partic-
ularly deep water, does not change temperature rapidly and
the only way for a tortoigse to raise its bedy temperature
above that of the water is to leave it and bask in the sun,
However, thisg can only be a temporary respite from low
temperature since it must return to the water to feed.

Brattstrom (1965), in a review of reptile body
temperatures, reported that Testudines are active over a
much wider range of hody temperatures than terrestrial
lizards and that the mean and range varies with the species

and family.
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%.212 P. umbrina
In an earlier study, Lucas (1963) placed & number of

Po ambrina in a photothermal temperature gradient and
monitored their body temperature. The air temperaturc

in the gradient varied from 52° to 20°C, The P. lmbring
regulated their body temperature fairly well within a

range of 22° to 27°C. However, the temperature at the

lower end of the gradient was higher than the water and

énd spring months, and some of them remained at the lower
end of the gradient for much of the time,

Some Chelodina oblgnga were also tested in the gradient
but they did not regulate, merely blundering from one end
of the gradient to the other. Such behaviour reflects the
wholly aguatic nature of this species,

In another series of expsriments Leung (in Lucas, 1963)
water at various temperatures. He found that P. umbrina
was normally active at body temperatures betwesen 1%° and
28°C, Below 14° activity became very intermittent, and
above 28° activity was directed towards attempts to leave
the water., (. ohlonga, again, did not react well to the
experimental procedure, but its preferred body temperature

appeared tc be between 16° and 28°C,
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During the present study ail femperaturcs were taken
with a Schultheis guick-reading mercury thermomster, DBody
temperatures were taken by inserting the thermometer into
the cloaca. Air temperaturces were taken in the shade
approximately threc feect above the ground or watecr,

Body temperatures of P. umbrina captured in the water
largely confirmed the results of Leung (op. cit.). Data
are insufficient to be presented except as a generalised
description. Much of it is from transmitter-equipped
tortoises.

After the swamps fill in late May or June, and during
July and August, the water temperature is often below 12°C
overnight and during the first few hours of daylight,'aﬁd
rarely rises above 16° to 18%% during the day. P. unbrina
with body temperatures below 14° were torpid, lying on the
bottom of the swamp and usually hidden below reeds or a
fallen branch, Those with body temperatures above lSOC
were usually actively swimming and feeding, often in the
shallower water, which is a little warmer.

In the spring months of September and October watcr
temperatures are higher in the daytime but still low
overnight., In shallow water on a sunny day temperatures
in excess of 3000 may occur. Active torteises handled

during these months had body temperatures ranging from
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16° to 27,5% (average approximately 22°C), Inactive
L. pmbrina had body temperatures ranging from 12° to
16°%¢, During late spring and carly swamer (November and
pecember) the water temperature continues to rise as tho
weather becomes warmer and the waterp shallower, During
the night water temperatures rarely drop below 16° and,
in the middle of the day, the temperature varies bebtwecn
25° in the deeper parts and well over 30° in the shallows,
E. umbrina body temperatures were usually between 20° and
28°C, Wnen no water cooler than 28° to 30°%C ig available,
the tortoises leave for theirp swomer refuges, Thig is
usually only one or two days before the water drics up
completely, |
Although feeding takes place throughout the time when
there is standing water, it can be seen that during the
first three or four months P, umbrina spend much of the
time inactive because of sub~optimum temperaturcs, However,
during the late spring and early summer their body temperature
is almost always in the preferred range and usually towards
the top of it, It is during this time that almost all the
growth occurs, This ig particularly evident when comparing
the growth of hatchlings in various years (Table 3. In
1966 standing water was pregent from mid-July to late

October (three months) and hatchlings grew from an average
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of 5.8 gm to 17.1 gm, a gain of 11,3 gm, In an average
year, water is present from mid-June to mid-December (six
months) and growth is from 5.8 gm to approximately 50 gm,
a gain of 44 gm, Thus, in a normal year, four times as
much growth occurs in only twice as much time., This shows
the large amount of growth during the warmer months.,
Captive P. umbrina often come ashore and bask in the
sun during the winter and gpring. Only one P. umbrina
has been observed basking in the field. This tortoise wasg
an adult male and had climbed from the water onto a clump

of Leptocerpus canus in North West Swamp on the Twin Swamps

Reserve., It was captured at 1130 hours on August 4, 1966,
It had a body temperature of 19.8°C compared with the water
which ranged from 16.0° to 17.2° and the air which was
17.0° in the shade and 18.4° in the sun. This P. umbrina
moved intc the water immediately it became aware of an
observer,

Basking appears to be a regular pattern of behaviour
in the captive P. umbrina at the South Perth Zoo, It has
obvious advantages to a poikilotherm like P. umbrina, whose
preferred body temperature is higher than the water
temperature during much of the winter and spring. However,
the extremely low frequency of observations in the field

suggests that it is not so important as might be expected,
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During the summer monthg of December, Janvary and
February, maximum air temperatures are Frequently above
3OO and occasionally above 40°¢, Only those P. umbrina
which had been equipped with radio transmitters were
observed during this time. Initiaily the body temperature
was measured whenever a tortoise was located in a refuge,
but it was found that handling caused the tortoises to
move to another site and the practice was discontinued,
Instead, the temperaturc of the microhabitat wasg meagured
and compared with air and surface temperatures, using two
Theiss L., No, 597 Mercury Remoie Thermographs, with three
recording systens,

The results of recordings made in various situationsg
during the summers of 1965-66 and 1966-67 are given in
Table 6. All the recordings were made in situations
occupied by transmitter—equipped,ﬁ..g@@g;gg. Pigures given
are the mean and range of the daily maximum and minimum
temperatures, Readings were made to the nearost O°5OCo
The surface record was made immediately above the tortoise,
that is where it was in a tunnel the record was made on
the s0il, and where it was under litter the record was
made on top of the leaves. The probe for recording the
air temperature was placed about two feet above the ground

and in the shade where practicable. TFor some records the
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air probe was partially in the sun at some time during

the day and this, in part, accounts for the high readings.
The official air temperatures at the Swan Research Station,
which is situated half & mile west of the Ellen Brook
Reserve and three miles south of the Twin Swamps Reserve,
are given for comparison, Two typical weekly records are
given in Figures 11 and 12,

It can be seen that the highest temperature ever
recorded in a refuge was '3}4-009 although air and surfacec
temperatures were frequently over 40° The critical thermal
maximum of P, uvmbrins {(see Section 5.4) is about 42° to
43OC9 so the temperature in the refuges is well below
the critical point,

In the autumn months of March, April and May,
temperatures fall gradually from the summer level, and
by May, daily maximum air temperatures are usually below
22°C, Unless there is an early break in the season,

2. umprina remain in their swmmer refuges during this time

end temperature hag Little eoffdet on their behaviour or

well being.
b.213  Other species

Little data are available on the body temperature of

Ghelodina oblonga, Incidental observations on this spccics

in captivity and in the field suggest that it is active

within the range 13° to 28°%. Near Perth C. ghlonga is
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active all the year round. The temperature of deep,
permanent water would not vary as much as the shallow
preferred range most of the time.

The pools inhabited by C. steindachneri would be much

warmer than those further south, Observations on captive
tortoises of this species suggest that it is active over
the range 16° to 349,

Winter hibernation has been reported in Chelidac fronm
Victoria., Goode (pers. comm,) states that Chelodina

Aongicollis, C. expansa and Emvdura macguaria hibernate in

the mud on the bottom of the water inhabited. Water temp-
eratures during the winter in inland Victoris would be much
lower than near Perth, but ebsolute values are not known.

4.22 Desiccation

When in a refuge P. umbrina dig themselves into the
soil so that the limbs and much of the head and neck are
Just below the surface. Only the carapace 1s visible when
the litter or branch is removed., This behaviour is thought
to be a way of reducing water loss through the skin., Some
measurements of the relative humidity under leaf litter
were made., On hot days the readings were in the vicinity

of 50% to 60% (31°C) compared with 25% to 35% (37°C) for air.
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P. uvmbrina desiccates at about the same rate as
GC. steindachneri (Section 5.2), In a laboratory experiment
some G. steindachneri were allowed to desiccate in air
2t 30°C and 40% relative humidity (Section 537
Individuals of a weight comparable to adult P. umbrina
lost water at rates between 0.29% per day and 0.32% per day.
The amount of dehydraetion in some P, umbrina was
neasured in the field during the summer of 1966-67, Thesc
tortoises were equipped with radio transmitters and lost

welght as follows:

[

t o, Dates Initial Wt,|% Initial|% per day|Rehydrated
i - (gm) Wt. lost We. (gm) |
1574 13.10.661 Lh1.8 6t 0,053 43,1
: to 10, 2,67
167¢ 28.10.66
to 18, 4.67i 339,5 164 0.095 291.3
31d 13.10.66 _
to 18. 4%.67{ 427.9 502 - 0.028 Lo5,2
33 ¢ 13.10.66 »
to 18. 4.67| 308,6 7.6 | 0,041 300.2

It can be seen that the rates of desiccation in the
field are about five times lower than might be expected
from laboratory experiments. Field conditions would not
be as harsh as those in the experiment described above,
but it would appear that the way in which P. vmbrina dig

themnselves into the soil reduces water loss congiderably.
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The desiccation ratec of Ho, 679 is much higher than
the other three tortoises, but its weight after renydration
suggests that some of the weight loss is duc to the laying
of eggs. Five eggs would account for a loss of approyii-
ately 43 gm or 12,6% of its original weight.

A1l the weight losses in the above table are consider..
ably below the lethal level, C. oblonegs diecs when it has

itesst ity

lost 32% of its body weight and G. steindachneri at about

38% (Section 5.2)., The figure for P. umgbring is unknown,
It may be a little lower than the above species since

E. umbrina has a higher proportion of bone in its body ,
but it is most unlikely that it is below 25%.

The desiccation rates of juveniles would, however, De
higher. The normal weight attained by a hatchling at the
end of its first growing scason is 50 gm and the experiments
on the water loss of P. umbrina (Section 5.2) indicate
that a 50 gm tortoise has a desiccation rate 2.% times
higher than a %00 gm tortoise, If 6% is taken as the
normal summer welght loss of 2 400 gm tortoise then a 50 gm
one will lose 14,%% of its body weight over the same period.
A 17 gm tortoise, which is the size attained by hatchlings
in 1966, will lose water at four times the adult rate and

will, therefore, lose about 24% of its body weight.
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figure and it moy be concluded that the 1966 hatehlings

hed a poor chance of surviving the 1966-67 sumnmer,

were found during 1967.

fhe desiccation rates of the other specics arc

compared in Scction 5.2,

4,3 DOPULATION SIZE 64D COMPOSITION

4,31 P. umbrina

Dete on the musbers of P, umhrina on the two rescrs

Nonc

are insufficient to calculate the total population with

any accuracy. However, it is clcar that they occur in

iruch lower numbers on the Ellen Brook Rescerve than on tho

Twin Swemps Reserve.

Four marked tortoises were released cn the Bllecn

Brook Reserve in 1963, In 1964, nine P, umbrina were

captured, of which two were marked.
released, one being dead when found,

L. urbrina were found, of which one was marked.,

Eight of these vere
During 19695, two
These

were also released and during 1966 three were captured,

of which two werc marked.

population estimates as follows:

196k
1965
1966

By simple proportion this gives

L)

18
20

17
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These estimates may be very inaccurate because of the
low numbers handled and the possibility of biased sempiing
but they do suggest that the total numbers are very low.

On the Twin Swamps Reserve, numbers are much higher.
In 1963, 1964+ and 1965, ten P. umbrins were marked and
released. During 1966, 69 tortoises were captured of
which four were marked, By simple proportion this gives
a population estimate of 173, Up to July 1967, ten
P, umbrina were captured, of which four were marked. This
gilves an estimate of 198, In addition three tortoises
bearing radio transmitters fell into the pit traps, If
these are considered in the sample, the estimate becomes 147.

Once again the estimates may be inaccurate., The 1966
figure may be lower than the true population size since
the sampling of the different swamps was not equally
intense. It was impracticable to fence and pit trap all
the swamps, and some swamps were more suitable than others
for the application of the other capture methods. Some
movement by the tortoises between swamps takes place
(Section %,113) but the extent, and hence the mixing of
marked and unmarked animals, is not known, Also three of
the four recaptures had been fitted with radio transmitters
which had ceesed functioning. When soaked in water, the

glue covering the transmitter is paler than the carapace
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and this makes it easier to see the tortoise in the coffece
coloured water. The 1967 sample may also be biased since
most of the catch came from the pit traps and therefore
sempling was not equal in the various swamps,

Another method used to estimate the number of P. lubrina
on the Twin Swamps Reserve is as follows. A total of 36
tortoises were caught in South East Swamp during 1966 by
pit trapping and puddling and this probably represents
the whole population. This swamp is five acres in extent.
The total acreage of swamps on the reserve, calculated from
air photographs, is 34.4, but only about 30 acres of this
is of any depth. Asswming that the number of tortoises
per acre of swamp is constant, the total number of
tortoiges is 216,

The composition of the populations from the two
reserves is different, the Ellen Brook Reserve having a
Lower proportion of juveniles, Of the 13 P. umbrina from
that reserve, eight (61.5%) were adults, compared with
only 22 out of 79 (26,9%) from the Twin Swamps Reserve,
These proportions are significantly different (Chi square =
4,33, One degreec of freedom, Yate's correction applied,

P 0,05).
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4,32 Qther Species

Few data are available on the density of other
Australian Chelidae and none on population structure or

dynamics. Chelodina oblonga can be much denger than

L. waobring. At Shenton Park Swamp, which isg about two
acres in extent, over 40 females have been observed nesting

in one afternoon. €. steindachneri can also bhe dense.

Bighteen were trapped in a nool in a creek near Wiluna.
This pool was only 40 fdet by 20 feet and eight feet deep

in the centre.

b, PACTORS AFFECTING PERSISTERCE OF P, UMBRIEA

4,41 Factors affecting density

The estimates of the total population of P, umbrina
on the Twin Swamps Reserve are in the region of 180 to
200, or about six per acre of swamp. Considering the size
of the tortoise, its absence of territbriality and pro-
nounced mobility, and the nature and abundance of its food,
one would expect the swamps to support a larger population
than, in fact, has been recorded, and it is desired to
account for the low density observed and suggest whether

it will increase or decrease,
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It 1s known that the annual number of eggs produced
is only three to five, the latter being the maximum nosgsible,
and that this is much fewer than the number produced by
other Australian Chelidac (Section 3.51), Such a low
fecundity would not, on its own, result in a low density
population, unless the reproductive life is short and
recruitment ig consgistently zuch less than maximal.

.The longevity is not known and hence neither is the
totel number of eggs a female can produce in her lifetima.
Hdowever, the estimated time to sexual maturity is long
(Secticn 3.61) and, therefore, it is recasonable to expect
& long life span vnder optimum environmental conditions.

An examination of the proportion of the various age
c.agses may indicate tche amont of recruitment from yvear o
year. Since the low rainfall of 1966 caused the geath of
the hatchlings from that year, an examination of the rain-
fall may show a correlation of recruitment with rainfoll.
Sixty nine P. umbrinz were captured in 1966 and their agc
clesses (ecalculated from growth rings, see Seetion 3.61)

vere as follcws:

Year hatched Humber % of total | Rainrell(inclica) |

192? P 13.1 2fng§

19 l}‘ 2093 3 o

1964 19 27.5 L.

1963 3 b L 39,46

1962 , 6 8.7 29.77

1961 . 0 C.0 28,86

1960 1 1.3 2645

1959 0 0.0 16453
Before 1959 17 2,7 average approx.

(aduits) 31 inches




& correlation between the number of surviving
cortolises and the amount of rainfall in their First winter
can be seen. The largest age clacs is the two-year olds
which hatched in 1964, a year of above average rainfall
and leng swamp life, Cn the other hand, the rainfall in
1963 was also above averaze but, in the sample, there are
only threc tortoises which hatched ir this year. It may
be that the comparatively dry winter of 1962, and the
resulting short duration of standing water in the SWaANPS ,
either did not allow a usual number of eggs per female
or reduced the chance of the eggs hatching. The former
Teason geems vhtenanle since the dry winter of 1966 had
no effect on egg numbers, However, following dry winters,
the females lay their eggs well after the swamps have dricd
an¢ this may, in some way, coatribute to the reduced
hatching rate, In addition, because of the short feeding
season, the quality of the eggs may have suffered., Five
eggs, which were laid in ceptivity, failed to hateh and,
although this is only negative ovidence, it does not
contradict the above suggestion. Furthermore, no hatchlings
have been found in the field in 1967, although some were
Tound early in the previous three winters.

The tortoises listed in the table as having hatched

in 1962 and 1960 may be somewhat older, During 1966 little



growth was recorded in one and two-year old tortoises
and none in older juveniles. Thus, a tortoisc which
appears to be, say, four years old, may be older if it
has survived one or more yearsg of below average rainfall,
This may be so in the present case since the years 1958
to 1962 all had below average rainfall, In any case it
can be geen that there is a very low survival rate of the
hatchlings from years that were drier than normal. As
discussed above, this is probably due to insufficient
growth in the first winter and consequent death by desg-
iccation during the following summer, In addition, it would
appear that recruitment suffers even if the rainfall is
oenly slightly below average.

However, recruitment can bhe quite high in good years.
Of the estimated population of 200, 25% are adults, and,
since the sex ratio is equal, half of these arc females.
At an average of four eggs each these femalcs would produce
about 100 eggs per year. There has probably been little
or no recruitment into the adult age class over the past
few years due to the 1958-62 drought, so the number of
eggs probably would have been no smaller during this time.
If anything, the number of eggs may be on the decline duc

to the death of senile females.
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The age classes present in the 1966 sample can now
be used to measure the rate of recruitment from vear to
year, Two-year olds were 27,5% of the sample, which
gives a total of 55 on the ressrve. This shows that
approximately one half of the eggs laid in 1963 hatched
and the hatchlings survived until 1966, impiying that,
under the optimum conditions of & run of two good winters,
recruitment can be high. Mortality might be expected to
be fairly low after the first summor as long ags the scscond
winter allows some growth and fat production, because of
the reduced rate of desiccation with inereased slze, This
is borne out by the one-year old age class, which has a
calculated size of 41, only a fev less than the two-year
olds, Hatchlings from 1965, a year of average rainfall,
grew less than 196+ ones {see Table 3) and this may explain
the greater mortality, but it does indicate that most of
the deaths occur as eggs or during the first suamer, Thus,
recruitment can be fairly high, given suitable weather.

The high proportion of juveniles in the population

suggests that it may be recovering from a period of poor

recrultment (Alexander, 1958), The above discussion suggests

that this could be due entirely to the weather.
An examination of the rainfall data from Belvoir, which
is six miles south of the Twin Swamps Resgerve and which

kept continuous records from 1892 to 1961, and from Swan
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Research Station for 1960 to 1966, should give an ecstimate
of the number of years of poor and good recruitment in the
past and some indication as to whether the recent decline
was due only to low rainfall,

A summary of the past annual rainfall is as followss

[ i Ingh%s perkyear
| <25 25-30 30-35 >35
1892-1910 2 8 L 5
1911.~1929 2 5 6 6
1930-1948 3 7 5 L
194+9-~1966 L 6 5 3
Total 11 26 20 18 j

It can be seen that therc is a slight trend towards
ore very dry years and fewer very wet years. However this
would not appear to be great enough to be very significant,

If it is assumed that an annual rainfall below 30 inches
seriously reduces recruitment and one below 25 inches
prevents any at all, while an annval rainfall above 35 inches
enhances recruitment, it can be seen that, on the average,
one year in every two has low or negligible recruitment,
while one year in every four has good recruitment, In
addition, a further examination of the rainfall data shows
that the recent period of five dry years (from 1953 to 1962)
is the longest run of dry years on record, Three four-year
runs of below 30 inches of rainfall occurred in 190k to

1907, 1935 to 1938 and 1%8 to 1951, Thus the recent decline
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in numbers is probably largely due to the weather,

Another possible reason for the decline is that the
reserves were only set aside in 1962, Previously, the
land had been grazed by sheep and cattle and parts had
been culb over for firewood, These activities would have
reduced the amount of leaf litter and shade, and further
increased the chances of death of juveniles during their
first summer, This may explain the very low number of
hatchlings from years such as 1962, when the rainfall,
although below average, was not as low as 1966. These
activities would, therefore, have magnified the decline in
munbers caused by low rainfall,

Two other factors could affect the density of P. whring
on the Twin Swamps Reserve. The first of these is predation.
The introduced fox (Vulpes vulpes) and possibly feral dogs
(an;§_£§m11i§£$§) prey on the sestivating tortoises. One
adult female, which was equipped with a radio transmitter,
was eaten during March, 1967, It had been aestivating

beneath a fallen branch from a Melaleuca parviflora.

E. umbrina has some defence against predators, The carapace
and plastron are thicker and stronger than those of Chelodina
of the same size and, as in all Pleurodires, the plastron

is firmly welded to the carapace by the pelvic girdle, as

well as by the bridge. When molested, P. wmbrina produce
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a strong scent, unpleasant to the human ncse, from four
glands located either side of the bridges at the junction
of the carapace and plastron., However, these defences are
evidently insufficient to deter a hungry fox or dog, which
can break back the front of the plastron in order to cat
the tortoise,

ohesulus) are known to

-::am-' pcits

Foxes and bandicoots (Isoodon
dig up and eat the eggs of Chelodina
probably destroy a proportion of P, umbrina eggs. Birds
also may prey on the hatchlings. No evidence of this is
available but large wading birds such as the Straw~necked

ITbis (Threskiornis spinicollis) and Vhite~faced Heron

(Notophoyx novae-hollandiae) feed in the swamps,

It is difficult to assess the magnitude of predation,
Some must have occurred in the past, particularly by the

now locally extinct carnivorous marsupials Thylacinug

cynoceplalus and Sarcophilus harrisi, and more recently

by the dingo (Canis familiaris dingq) so, unless foxes

are more common now than were other predators in the past,

obionga and, therefore,

they cannot be blamed for the decline in numbers of P, umbrinsa.,

It is reasonable to expect predators to take a proportion
of the adults, juveniles and eggs every year. This pro-

portion should, however, be relatively constant from year

to year and it ig evident that predators do not significantly

affect recruitment in years when weather conditions are
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optimal, Thus, predation is probably not a significant
Tactor as long as the weather allows sufficient recrultment
and the aestivating refuges are maintained.

The other factor which could affect population density
is fire. A summer wildfirc on the Twin Swamps Reserve
would kill a large proportion of the aestivating tortoises,
The minority which aestivate in underground refuges
(Section %,113) would probably survive a fire but the
removal of the ground cover and canopy would cause higher
temperatures in these refuges thus increasing the rate of
desiccation, as well as magnifying the chance of death by
raising the body temperature above the lethal point, Main
(pers, comm.) found that the temperature four inches below
the ground at the Ellen Brook Reserve, in the summer of
1962, was 5% higher where the canopy and ground cover had
been recently burned, than where it was unburned. In
addition there would be few refuges for any tortoises which
survive until the following summer., 4 fire burned parts of
the Twin Swamps Reserve in early 1960, but it was restricted
to parts of the Regelia association and some of the swamps,
and did not burn any of the Banksia woodland where the
tortoises aestivate. No fire has been recorded there during
thig study,

The Ellen Brook population is much smaller than that
of the Twin Swanmps Reserve and the proportion of juveniles

1s significantly lower (Section %,31). The difference in
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numbers is partly due to the smaller area of swamp available,
gince Ellen Brook Reserve has only 14 acres of swamp com-
pared with 3% on the Twin Swamps Reserve, However, the
gstimate of the population on the Ellen Brook Reserve is
only 20, or 1.5 per acre of swalp..

The low proportion of juveniles suggests that the
population is not recruiting ag effectively as the Twin
Swanps one, This could be due tos

(I) a lower number of eggs per female
(II) a decreased hatching rate
(ITI) & higher rate of juvenile mortality.

The number of eggs laid by females on this reserve may
be only three instead of four or five (Section 3.51), In
addition, the nest must be made in clay instead of gsand
and this may affect the chance of hatching. It may be
significant that the only nest found contained decomposing
eggs. 4 higher rate of juvenile mortality is also probable
since the growth rate is lower (Seetion 3.61) and the
hatchlings are smaller when forced to aestivate for the
first time. Therefore they would be more likely to die
from degiccation (Section W4,22),

On the other hand, predation and fire would have 1little
effect. Aestivation takes place in narrow clay tunnels and
the tortoises would be protected from predators, The tunnels

would also protect them from fire, although frequent fires
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might be harmful if they killed the shrubs, the roots of

which help support the crabholes.

Ellen Brook Reserve in early 1960 and

have gurvived these,

higher temperatures in the crabholes,

of shade, it is not known if they had

While the fires

Fire

long term effect on density.

The factorg affecting P.

can be summarised as followss

occurred on the

1962, and P. umbrina
evidently caused
due to the removal

any immediate or

. on the two reserves

Factor

Winter and Spring
Nature of gswamps

Food supply
¥illing of swamps
Drying of gwamps
Time for feeding
Rate of growth

Time to scxucl maturityt9 to 10 years
|siight

Effect of low rainfall

and Autwumm
of refuge

[uuner
Nature

Effect of fire

Effect of predators

BEffect of plant
succession

¥llen Brook
Reserve

Twin Swamps Reserve

shallow, clay
botton

poor

rearly
iearly

5 to 54 months
slower

clay tunnel
(crabhole)

little

none

1ittle, preven-
tion of erosion
principal

requirement

deeper, sand over
clay

rich

late

late

6 to 6% months
fagter

17 to 8 years

marked, little growth
and reduced surviwval
of hatehlings

Under leaf litter or
fallen branches, in
holes in ground

Marked, would kill
most of the tortolses
some predation
marked, ideal is

climax with maximum
ground cover,
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4.2 PFactors affecting range

The chief factor affecting the range of P. uwmbrina
is the distribution of suitable habitat, The same factors
which affect density then control whether P. umhrina can
utilise this habitat.

The distribution of suitable habitat is limited, Asg
far as is known P. umbrina only occurs in temporary swamps
on a clay or sand-overw-clay soil. These kinds of swampe
occur in a narrow strip near to and parallel with the
Darling Scarp and extend westward along the river courses,
In addition, they occur on the Dandaragan Plateau to the
north and in sand plain country to the south and south-east
of the plain. At first sight, therefore, suitable swamps
occur from Dongara in the novth to Busselton and Donmyvbrook
in the south, & distance of 350 miles, However, to be
suitable for P. umbrina a swamp must £i11l other criterias

wraare e T

(I} it must have suitable aestivating refuges
asgociated with it

(II) it must contain standing water for long enough
for sufficient growth of hatchlings to take placc

(II1) it must contain sufficient quantities of suit-
able food,

Clay swamps are more common than sand~over-clay swamps
but gilgei country is not widespread and clay soils do not

have a well developed woodland to produce leaf litter.
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Climate is also important, To the north of the known
range of P, umbrina the annual rainfall becomes progress-
ively lower and evaporation higher, so, valess a swamp
received considerable run-off from surrounding country,
standing water would not be present for long enough. To
the south, where standing water would be present for
longer, lower temperatures may prevent normal growth and
metabolism.

No data are available on the amount of food in other
SWamps,

A large smount of possible habitat has been destroyed
since the area was first gettled by Europeans in 1829, The
clays of the Swan Valley sre particularly suitable for
viticulture and pasture and the Ellen Brook Reserve only
escaped drainage because it was gset aside for quarrying
for clay brick manufacture., Elsewhere on the coastal plain
development has alsc been rapid and few areas of temporary
swamps remain in their natural state,

Many permanent lakes and swalps occur on the Coastal
Plain, to the west of the strip of c¢lay country, but

P. umbrina has not been found in them. It appears to shun

permanent water, since, on the Bllen Brook Reserve, permanent

pools remain in Ellen Brook during the summer, but the

tortoises do not use them,



Due to their great mobility P. lmbrina, at some time,
must have wandered into permanent water, but apparently
they have nol persisted there, A possible reason ig that
the species must undergo aestivation for its physiologicol
well being, However, a captive population of twelve P, umbrine
has been held by Dr, W.D.L. Ride and later by the South
Perth Zoo, since 1959, Captive tortoises leave the water
to bask or simply rest in the shade for a considerable
period of time on most days and this may, in some way,
substitute for aestivation. Also, gpart from the first year
of captivity and 1966, this group did not reproduce, nor
did the Jjuveniles grow. In 1966 four hatchlings emerged
and some slight growth of juveniles was recorded, This may
have been due to the introduction of fish for food as well
as mammalian meat, Three of the hatchlings subsequentiy
died and the fourth has shown very little growth up to mid
1967, but these conditions can be attributed to the poor
quality of the food rather than the permanent water.

Due to its shyness and secretive nature the presence
of P. nmbrina elsewhere might have been overlooksd and it
may yet be found in similar country to the north and

south of the reserves,
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k.43 Syathesis

It has been shown that P, umbrina undergoes a marked
seasonal movement, so that they are in the water during
the winter and spring and in refuges during the swamer
and autumn,

The biology of P, mmbrina has been interpreted as
indicating that optimum conditions for survival and
persistence are long, mild winters with heavy rainfall
end mild summers, coupled with a suitable habitat of telp~
orary swamps and summer refuges, The swimers may be harsh
so long as there is adequate shelter for the tortoises, so
that their body temperature does not rise above the tolerable
range and they do not desiccate too much.

This interpretation lays heavy empnasis on the importance
of weather as the factor most likely to affect the chance
of P. nmbrina persisting. Doubticnrs a long scquence of
dry winters, like that of 1966, followed by long hot sunmers,
would see the extinction of the species.

In the desire to conserve the species it is not pogsible
to regulate the weather, but it is possible to ensure that
the tortoises are given optimum conditions to obtain maximum
benefit from rainfall by seeing that:

(I) runoff into the swamps is adequate

(II) no drainage that will reduce the depth or
duration of the swamps is undertaken,
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In addition, the effect of the hot dry swmmer months can
be minimised by ensuring that the sumimer refuges remain
adequate. The latter point is difficult becauvse land-
holders and fire control authorities often believe that o
climex vegetation with deep litter is a fire hazard to
surrounding land, and desire natursl bushland to be control-
burnt at freguent intervals,

This highlights the fact thal management must be of

two types, which can be summarised as Tollows:

Tae o

Activity necessary for i Activity necessarv for

persgistence of P, umbring | public relations
1. Maintenance of habitat hy 1. Prevention of fire hazard
(2) preventing drainage |
(b) preventing wildfireg 2, Control of vermin and
. . WEeRng,
2, Controlling predatorg. jeeds

Preventing drainage should not be difficult. The
boundary of the Twin Swamps Reserve has recently been
extended to include the whole of Fast Swamp, thus preventing
any possibility of the drainage of fhe swemp from adjoining
property,

The danger of an uncontrolled five on the Twin Swamps
Keserve is greater than on the Ellen Brook Reserve and the
results would be more detrimental. At the present the
reserve 1s protected by a firebreak ploughed around the
perimeter, but a fire jumping this or starting inside it

could burn out the whole area, This could be prevented by
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making fire breaks within the reserve, so that it is split
up into a number of plots, thus restricting any fire to
a small area,

The conflict between habitat maintenance and fire
hazard can now be overcome by carrying out controlled burning
of these small plots in rotation, go that each plot is
burned at intervals of a few years, This should be done in
spring when the tortoises are in the swamps, and when the
vegetation will have dried sufficiently for a fire to run.
The interval between successive burns in one area should be
worked out using observations on plant regeneration and
litter buildup, The firebreaks within the reserve should
be designed so that they subdivide the three main types of
vegetation, particularly each of the sandhills, thus prevent-
ing the destruction of all the refuges in one vicinity.,

Ellen Brook Reserve does not constitute a fire hazard
because of the low density vegetation and control burning
should be unnecegsary,

Predator control should be limited to exotic species

such as foxes and feral dogs. Rabbits (Qryctolagus cuniculus)

algo occur on the reserves and should be controlled to
prevent damage to surrounding pasture. Weeds are a further
problem, especially the exotic Cape Tulips, Homeria collina
and H. miniata, which will need to be controlled to avoid
reinfestation of surrounding pasture, when this has been

freed of them,
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It is necessary to follow the effect of these procedures
onn the tortoises, This can best be done on the Twin Swamps
Reserve by continuing the plt-~trapping of tortoises entering
South East Swamp. Ag well as giving an annual estimate
of population size and past recrultment, such a study
should eventually reveal other important information,
especially the life span of the adults. On Ellen Brook
Reserve numbers are much lower and no simple trapping method
is available. Organised searching and puddling, particularly
shortly before the swamps dry up, would be the best way of
capturing an annual sample,

If the above management procedures are carried out and
given suitable weather conditions, the population of
E. ugbrina on the Twin Swamps Reserve should continue to
increase in numbers over the next feuw years and thereafter
persist indefinitely,

The future of the Ellen Brook population is less certain,
The numbers there are very low and, since the lowest density
from which a population cannot recover is never known until
it is too late, it is difficult to precdict what will happen.

If the population does not increase in the future it may become

necessary to repopulate the reserve with tortoises from the Twin

Swamps Reserve, but this is undesirable because of the diff-
erences in colour and behaviour between the two populations.
However, any tortoises found on clay country outside the

reserve could be released within it,
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5.0 THE COMPARATIVE PHYSIOLOGY

OF

itert--PY

CHELODINA OBLONGA AND C, STEINDACHNERT
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5.1 INTRODUGTION

The Australian Chelidae are wholly aquatic in that
they will only feed under water and most species do not
ileave the water except for nesting or in search of a new
habitat when their present one becomes unsuitable,

One would expect, therefore, that the various species
would be distributed only in the coastal areas of Australia
which have fairly high rainfall. However, the range of

Chelodina steindachneri in particular (Figure 1) is almost

entirely within an area classified as desert, with rainfall
deficient in all seasons, according to Thornthwaite (1931),
and which, since it has a moisture index below -2+0 (Thorn-

thwaite, 198), is designated an arid zone by UNESCO (Meigs,

1954). In addition, Pseudemvdura umbrina, although it

inhabits an area of fairly high rainfall, shuns permanent
water and habitually spends six months of every year out
of the water,

It would appear, thorefore, that the distribution of
the Australian Chelidae might, at least partly, depend on
the ability of the various species to cope with arid
conditions.

This section, therefore, has been designed to investigate
some of the mechanisms which may have contributed to the

success of . gteindachneri in a desert environment.,
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In order to better understand these mechanisms C. gteindachneri
has been compared with G, oblonga which inhabits perm-nent
or semi-permanent water in the higher rainfall area of the
south-west cormer of Australia (Figure 1). Data on P, vmhrira
have only been obtained where the experimentation could not
result in the death of the tortoise, since it is fully pro-
tected by law. Data on other Australian Chelidae are included
where available.,

There are two main problems for an aquatic reptile such

as L. steindachneri in 2 desert environment:

-ry

(a) Inadequate water supply. C. steindachneri inhabits

creeks and rivers which flow only after sporadic heavy rain.
Most of the time the only available standing water is in
isolated pools and these mey be dry for months, or, in
periods of drought, even over a year at s time., There are
four ways in which_g,_gggggggggagxi could overcome a lack
of waters
(I) by behaviocurally avolding a desiccating environment
(IT) by physiologically controlling water loss through
the skin and via the lungs
(III) by storing water which can bo utilised as the body
fluids are lost by desiccation,

(IV) by tolerating a high degree of dehydraticn,
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(b) High temperature, The summer shade temperature

in the area occupied by C. steindachneri is commonly above

=)

40° and occasionally above 45°C, oOnce the water inhabited

by C. steindachneri dries up it comesg in contact with this

problem, It could overcome it in two ways:
(I) by behaviourally avoiding places of high temperature
(I1) by tolerating an elevated body temperature.

It is not known where GC. steindachneri goes when the

pools which it inhabits dry (Section 4,12) but they are
thought to bury themselves in the ground. A1l the above
possibilities, which can be tested in the laboratory, are

explored in the following sections,

5.2 DESICCATION

5.21 Methods

Comparative Desiceation Rates

Before being tested the torteises were kept in olcan
tap water for at least two weeks and fed with minced meat
at weekly intervals, Water temperatures varied between
14° and 24%,

The tortoises were placed in an oven which was maintained
at a temperature of 34f O.SOC. The air was kept completely
dry by placing a tray of drying agent (silica gel) in the

oven and circulating the air with a small fan, The loss of



93

weight of the tortoise was measured over 24 hours. This
weight loss was assumed to be due entirely to water losg,

If any faeces or urine were passed during a run, the figures
were discarded.

Bagal Water Logss

A& number of tortoises were left in the oven for up to
five days until the rate of water loss became consgtant,

Lethal Dehvdration

Some tortoises were allowed to desiccate until they died.
The amount of body weight and the proportion of the total
body water lost was then calculated. Total body water was
found by desiccating the body in an oven at 105°C until
constant weight was obtained. Miller (19%42) ecriticised the
accuracy of this method but Bradshaw (1965) showed that
the distillation of lizards which had beenﬂdried in a 105O
oven, failed to extract extra water from the tissues.

Hespiratory and Cutaneous lLoss

Respiratory water loss was measured by placing the
tortoise in a plastic bag which was sealed tightly around
the neck just behind the skull, It was necessary to tape
the limbs into the shell, otherwise the tortoise struggled
continuously, The tortoise was then placed in an oven as
above. Cutaneous water loss was calculated by subtracting
the respiratory loss from the Lotal loss, which was measured

separately. Attempts to design an apparatus where respiratory
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and cutaneous water loss could be meagured simultaneously
failedydue to the continual sgtruggling of the ftortoises
when restricted in any way which did not allow the head
to be retracted,

Heart Rate

Heart rates were measured on a standard medical electro-
cardiogram., The two electrodes were pins placed through
small holes bored in the carapace on either side of the
heart. The rate was counted with the aid of a stopwatch,

The tortoises were placed in an oven at ZOOC, in which a
tray of water was placed in order to maintain a high humidity
and prevent desiccation of the tortoise and the body
temperature was monitored by a thermistor taped into the
cloaca. Bach animal wag allowed to settle down for at

least a day, until the heart rate was basal., The heart

rate was then measured while the body temperature was raised
gradually (about 2°C per hour) until it was 35%, Every
effort was made to measure basal rates and, if the tortoise
became active, it was allowed to settle down again before
heating was recommenced. The body temperature was maintained
at 3500 and the heart rate measured at intervals for a

further three or four days.
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Oxygen Consumption

Initially oxygen consumption was measured in an open
circuit system in which air was passed over the tortoise
at a lmown rate and the change in the partial pressure of
oxygen determined with a Beckman paramagnetic oxygen
analyser. The tortolse was maintained at a body temperature
of 35° and the consumption rates were measured over periods
of 20 minutes, It was found that the rates worked out by
this method were very variable, apparently because of the
infrequent breathing of the tortoises thoir dbility to
survive anaerobically for long periods.

To overcome this problem carbon dioxide production was
measured over two hour periods, Dry, carbon dioxide free
air wag passed through a chamber containing the tortoise
and maintained at 3530.500. After drying, the air was
passed through tubes containing "Ascarite" carbon dioxide
absorbent,

5.22 Results

The total rates of water loss of Chelodina oblonga,

L. gteindechneri and Pseudemydera umbrina are graphed against

body weight in Figure 22 and are presented as rate per
gurface area in Table 7, @urface area was caleulated using
Benediet's (1932) formula: Cmg = 10 bodyweight (gm)2/3.
Any surface area calculation has disadvantages when applied

to tortoises, partly because of the increased amount of



bone in the body, but chiefly because of the unknown pro-
portion of skin to shell. However, because of the wide
weight range of the species which were being studied this
seemed to be the best way of making the data comparable,
It can be seen that C. siteindachneri and P. umbrina
have much lower rates of water loss than . oblonga. In
addition the two arid adapted species can further reduce
their desiccation rate over a period of about three days,

go that it drops to one gquarter (. steindachneri) and one

half (P. umbrina) of the rate for the first 2% hours. On
the other hand . ohlonga has a basal rate only slightly
below its initial rate,

The figures for cutaneous and respiratory water loss
(Table 8) show that §. steindachneri reduces its desiccation
rate by reducing both fractions, although the cutaneous
fraction drops more, from 70% to 66% of the total., The
respiratory and cutaneous rates of . gblonga both drop
slightly from the initial rate but the proportion of cutaneous
loss remains the same, at 92 to 93% of the total,

The great disparity in the desiccation rates of C. oblongsa
and C. steindachneri could be due to two main factors, either
different structure of the dérmis and epidermis, possibly
connected with increased keratinization (Maderson, 1964) ox

differing ability to control blood flow through the dermal

vegsels,
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Histological examination of the skin showed no difference

between the two species, suggesting that C. steindachners

has the ability to control cutaneous water loss by control
of blood flow or cell permeability. P. lmbrina, on the
other hand, appears to have reduced its cutaneous water loss
by inereased keratinization. No histological sectiong have
been prepared but macroscopic examination immediately shows
that 2. umbrina has a great amount of scalation on the limbs

and heavy tubercles on the neck, which Chelodina lack,

The ability of (. Steindachneri to further reduce
both the respiratory and cutaneous fractions suggested that
it may be able to aestivate, To investigate this heart rates
and oxygen consumption were measured on both species.,

Heart rates of two . steindachneri and three g, oblonga

are shown in Table 10, It can be seen that, in both species,
the heart rate is lower in the larger specimens. A similar
relationship was noted in Pseudemys spp. by Hutton et al

(1960). However, it is clear that G, steindachneri gensrally

have lower heart rategs than C. pblonega but both species are
equally able to reduce metabolism, although one (. obleonga
maintained high rates throughout the experiment,

Oxygen consumption figures, as reported in Section 5.21,
were very variable when measured for only 20 minutes., One
L. oblongg had rates varying from 0,003 to 0,037 cc

O,/gm/hour. When CCy production was measured over longer
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periods more repeatable results were obtained (Table 11).
Data are insufficient for detailed conclusions to be drawn,
but little difference between the species is evident. Both
are able to reduce their metabolic rate when left in a warm
atmosphere, Benedict (1932) and Hutton et al (1960) found
no correlation between oxygen consumption and body weight

in turtles or large terrestrial tortoises, go the figures in
Table 11 may be directly comparable, In this way Testudines
appear to differ from other reptiles, particularly llzards,
where such a correlation has been found (Dawson and
Bartholomew, 1956).

Thus, it seems that the main difference in the ability
of the two species to control cutaneous water loss is not
due to differences in metabolic rate, although this may
have some effect.

The great difference in the desiccation rates of the

arid adapted . gteindachneri and P, umbrina and the whollsy

aquatic C. oblonga suggests that this factor isg of prime
importance in the distribution of the Australian Chelidac.
Consequently, water loss rates were measured on a number
of other species (Table 9),

The species tested fall into two groups, those with
rates greater than 70 mg/cm2/day and those with less than

%0 mg/cm2/day, although Elseva dentats has a rate in between

these groups. All the species in the first group are wholly
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aquatic. Of the species in the second group G. steindachneri

and P. umbrina have already been discussed, Of the other

species C. longicollis is wholly aquatic and its comparatively

-

low rate of water loss is difficult to explain, However its

basal rate is nearly as high as the initial rate. C. novaeg-

guineae and Emydura kreffti both occur in northern Australia

Qe =Pevedy

and may be able to withstand the drying of pools during the
dry northern winter. (. novae-guineae is able to reduce itg
water loss well below the initial rate in a similar manner
to C. steindachneri. The one specimen handled had & basal
rate of 15.5 compared to the initial rate of 28,4 mg/cmgfday”
. kreffti has not been tested for this.

Two species of Cryptodire Testudines which were available
were also tested. Clemmys caspica leprosa (Bmydidae) lives
in a similar climate to southern Australian gpec¢les and is
capable of withstanding periods when water is absent. Tegtudo
graeca (Testudinidae) is a completely terrestrial nerbivore,

It is interesting to note that the basal rate of

C. steindachneri is very similar to the rate measured for

L. graeca. Thus, the only thing preventing . steindachneri
from being completely terrestrial is its feeding habitsg.
Schmidt-Nielsen and Bentley (1966) measured the water loss
rate of the desert tortoise, Gopherus agasgizii at 35°C

and found it to be 3,87 0. 5k mg/cmz/day, a somewhat lower
rate than that found for T. graeca.
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The stage of dehydration which is lethal also differs
in the two species. Results of experiments are given in
Table 12, It can be seen that C. oblongs dies when it has

lost approximately 32% of its body weight, which correspends

to 40% of its body water. (. steindachneri, however, does
not die until 50% of its body water has evaporated, No
correction has been made for weight loss due to metabolism,
and the C. steindachneri, because of their low desiccation
rate, took very much longer to die than C. oblonga.

At a metabolic rate of 0,06 mg COz/gm/hour (Table 11) the
1%5 gm C. steindachneri would have produced 8,4 gm of
carbon dioxide in the 40 days it took to die.

The RQ for gstarving mammals is 0.7 but figures below
this have been found in birds., This is due to the production
of uric acid instead of urea and, therefore, tortoises also
probably have a low RQ. This means that there is no weight
loss due to gaseous exchange, and there may even be a weight
gain if the RQ is below 0.7. The other component of fat
breakdown is water, which will be added to the body water,
Nearly as many molecules of water are produced from fat
breakdown as molecules of carbon dioxide, If it is assumed
that an equal amount is synthegsised the above animal will
produce approximately 3.4 ml of water. This changes the
value of the amount of body water lost at death from 50.6%

to 47,66, However, it is still clear that . gteindachneri
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is able to tolerate a greater degree of desiccation and,
anyvay, this extra water produced by fat breakdown is of

survival value in the field.

5.3 WATER CONSERVATTON

5,31 Methods
Sixteen Chelodina oblonga and nine C. steindachnerd

were acclimated in water at 20° to 2300 for at least a month.
During this time they were fed weekly on minced meat.
An initiel sample of five (. oblonga and four

C. steindachneri were killed and a sample of plasma and

urine taken from each, Seven . oblonga and four

G» steindachneri were allowed to dehydrate in an atmosphere

at 3000 and 40% relative numidity, and four C. oblonga and

one C. gteindachneri were allowed to dehydrate at 20°C and
60% relative humidity. When these tortoises had lost 25%
to 30% of their initial body weight they, too, were killed
and urine and plasma samples taken,

Fach tortoise was treated as follows. After weighing
it was given an injection of Pentobarbitone Sodium (Nembutol)
into the body cavity (dose: 60mg/Kg). Immediately it had
lost its eye reflex the plastron was removed and 2 or 3 ml
of blood were taken from the heart (which was still beating)

with a heparinised syringe, The blood was centrifuged at
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3,000 rpm for 15 minutes and, after the haematocrit had
been read, the plasma was pipetted off and the cells discarded.

A1l the urine was then removed from the median bladder
with a syringe and the volume recorded., Any solids were
removed by cutting the bladder open and everting it, Plasma
and urine were frozen at -20°C until analysis., The tortoise
was then placed in an oven at 105°C and dried to constant
weight for the calculation of total body water,

Sodium and potassium were analysed on a Coleman flame
photometer (Models 6C and 21), A 10 ul sample of fluid was
diluted in % ml of distilled water and both sodium and
potagsium were measured in the same dilution. Ammonia and
urea were measured using the microdiffusion method of
Conway (1957). Urates were analysed by the method of
Feichtmier and Wrenn (1955), After the concentration of
urate in the fluid part of. the urine had been measured
the fluid was removed and the solids were dissolved in O.4%
Lithium carbonate for separate analysis. 'Osmolality was
measured on a freering point depression apparatus.

5.32 Results |

The results are presented in Tableé 13 to 16, HNo
differences were noted in the concentrations of the componentg
analysed in the urine and plasma of the tortoises dehydrated

at 20°C and 30°C and the results are combined.
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The first point of interest is that both species can
reabsorb water from the urinary bladder into the bloodstream,
No urine was passed by the dehydrating tortoises so this ig
the only explanation for the decrease in the amount of
bladder fluid. A similar reabsorption was noted in Chelodina

lLonglcollis by Rogers (1966), and in Pseudemvs gcripta by

Dantzler and Schmidt-Nielsen (1966).

The reabsorption of water would appear to be controlled
by two factors: permeability control and active solute
transport, The urine of hydrated tortoises is very hypo-
osmotic to the plasma, while that of the dehydrated tortoises

is nearly iso-osmotic (Table 15). Bladder permeability in
the frog is under the control of neurohypophysial hormones

(Bentley, 19583 Sawyer, 1960) but no effect of pituitary
hormones on bladder permeability or active sodium transport
can be demonstrated in the isolated turtle bladder (Brodsky
and Schilb, 196C), The adrenal cortex would appear to be a
more likely site for any controlling hormone.

Active sodium transport has been demonstrated in the
turtle bladder by Brodsky and Schilb (1960, 1965) and Klahr
and Brickner (196%) and active chloride transport by Brodsky,
Schilb and Spafford (1963). This sets up an osmotic gradient
which causes water to follow passively.

The presence of a sodium pump in Chelodina oblonga and

C. gteindachneri is indicated by the very low concentration

e

of sodium in the bladder fluid of dehydrated tortoises when
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compared with the plasma, and the associated very high
concentrations of potassium, It would appear that the
potassium ions have penetrated the bladder to equalise the
difference in electric charge between it énd the plasma, a
situation somewhat analagous to that found when comparing
intracellular and extracellular fluids, This is further
supported by the differences in the concentration of potasgsium
in the bladder fluid of the two species, G, oblonga having
only a half the concentration found in G, Steindachnexri.
This is consistent with the high concentration of ammonia
in the bladder fiuwid of . oblonga. The cations measured
in the urine and plasma of dehydrated tortoises of the two

species are as followss

e BO/1dtre -
Species Na Kt NHg+ f Total
4 i o i S
G oblaongs plasma 220,40 .2 0.0 f 224 .2
urine 5.5 69,0 117.3 . 191..8
C. steindachneri plasma 165.0 2,9 0.0 | 167.9 |
urine | 8.6 145,9 2.7 1 157,2
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It can be seen that the concentration of the measured
cations in the urine approaches that of the plasma, 8ince
the urine is also nearly iso-osmotie, almost all the water
which can be absorbed from the bladder probably had been
when the animals were killed.

The second point of interest is the low concentration

of sodium in the plasma of dehydrated (. steindaghneri

compared with the elevated levels in C, oblonga. Rogers
(1966) suggested that C. longicollis possesses an orbital
salt gland similar in function to those found by Schmidt-
Nielsen and Fange (1958) in marine reptiles. However, her
evidence was only indirect and was not supported by experi-
mentation., Intra-peritoneal NaCl and XKC1 injections have
been given to C. oblonga, C. sheindachneri and C. longicollis.
both as a sudden load, in a manner similar to Schmidt-
Neilsen and Fange (op. cit.), and as small loads spread
over a number of days., These did not cause the secretion
of tears, Furthermore, tears which appeared in the eyes

of dehydrating tortoises were analysed and found to be
isotonic with respect to plasma sodium but with slightly
elevated potassium levels (Na/K = 8,7, range 3.8 - 15.8).
No reason for the high potassium levels can be suggested,
but it is known that potassium levels in mammalian saliva

increase when the animals are sodium depleted (Bott ot al,

1964). The crystals seen around the eye of C. longicollis
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by BRogers therefore must have resulted from the evaporation
of normal tears., Similar crystals were geen in all the
species dehydrated during the present work,

Thus, it seems certain that Chelodina do not excrete
sodium extra-renally and since sodiuwm is not found in the
urine, some other explanation for the lack of elevated

sodium levels in the plasma of ., steindachperi must be found.

Bradshaw (1965) found that part of a field population

of the lizard Amphibolurus ornatus lost a considerable

amount of body water by desiccation, but did not have
elevated plasma sodiums, He showed that this was due to a
shift of water from the intracellular to the extracellular
compartment so that, despite a body welght loss approaching
50%, there was no decrease in the blood volume,

The haematocrit figures (Table 14) suggest that there
has been little or no concentration of the blood in either

C. oblonga or G. steindachneri, but due to the variability

of the haematocrit in hydrated animals it is probably
unreliable as an indicator of haemo-concentration. The
osmolality of the plasma of dehydrated C. oblonga and

L. steindachnerd is similar. However, this does hot necess-
arily disprove the suggestion that C. steindachneri is
maintaining its plasma volume at the expense of its intra-
cellular fluid, since metabolic wastes such as urea would

force the osmolality of the plasma up. Urea levels in the
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plasma of C. steindachneri are higher than §. gblonga

(Table 15).

Plasma sodium hasg also been found to be lower than

expected in C. steindachneri which have been loaded with

NaCl intra-peritoneally. Such an experiment is not analagous
to dehydration and in these cases sodium levels in the
bladder fluid become almost isotonic with the plasma. However,
the amount of sodium in the bladder cannot account for all
of the disparity and it secems possible that sodium is being
stored in the tissues or in the bone. TFurther work is
necesgssary to elucidate this point.

The third point of interest is nitrogen excretion
(Table 16)., It can be seen that C. oblonga is predominantly
ammonio-ureotelic when hydrated but becomes predominantly
uricotelic when dehydrated, although significant amounts
of ammonia as well as urea are still present. C. steindachneri,
on the other hand, excretes little ammonia and changes from |
being predominantly ureotelic to predominantly uricotelic.

Rogers (1966), working on C. longicollls, reported a similar

but less dramatic shift in nitrogen excretion to that found

in €. oblonga. However, in that experiment the C. longicollis
were only dehydrated to 80% of their original weight compared
with 72% in the present experiment and this may account

for the different proportion of uric acid.
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Moyle (19%+9) analysed the urines of various species
of Testudines living in different habitats and found that
those living in aquatic and semi-aguatic situations excreted
mainly a mixture of ammonia and urea while those inhabiting
dry terrestrial situations excreted predominantly uric acid,
This highlights the gselective advantage of uric acid excretion
when water is not readily available, and tortoises of the
soluble and toxic ammonia and urea, to insoluble urates
when water becomes scarce. Urateg have the advantage of
precipitating out in the bladder and are easily stored in
such a way that they do not affect osmolality.

It has been suggested that the stimulus for this switch-
over is temperature as well as hydration (Needham, 194+2;
Drilhoun and Marcoux, 19%2), but comparison of Chelodina
dehydrated at 20°C and 30°C showed that there was no
difference in the proportions of the resulting nitrogenous
end products. Similarly, Khalil and Haggag (1960) found no
evidence that temperature change could bring about a change
in the absolute activity of arginase and xanthine oxidage

in the liver of Testudo leithiji although higher temperatures

favoured xanthine oxidase. However, I. leithii, being a
terrestrial herbivore, should excrete mainly uric acid at
all times., The stimulus appears, therefore, to be entirely

the degree of hydration, although how this is manifested is
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unknown, Similar changes in the nitrogenous end preduct
due to dehydration have been shown in alligators (Coulson
and Hernandes, 1955), frogs (Salinsky, Crazg and Baldwin,
1961) and lungfish (Buchanan and Hartman, 1959),

Ehalil and Haggag (1955) analysed successive naturally
voided urine samples from T. leithii and found that the
proportion of urea and uric acid varied considerably and
that the major constituent was sometimes one and sometimes
the other. However, Dantzler and Schmidt~Nielsen (1966)
showed that this could have been due to varying amounts of
solids being voided in each sample, so the phenomenom of a
switchover in nitrogenous end products is probably restricted
Yo normally aquatic animals when they are deprived of water.

It seems clear that the solids excreted by the dehydrated
tortoises are chiefly urates, not uric acid, As Dantzler
and Schmidt-Nielsen (1966) point out, the pK for uric acid
is 3.48, so since the pH of the urine from dehydrated
tortoises of both species was in the range 6.5 to 765,
practically all the uric acid must be in the form of urates.,
Since potassium is the predominant cation in the bladder
fluid it seems likely that the urates precipitate out as
potagsium urate,

Concentrations of urate in the fluid part of the urine

vary considerably. (. gblonga had a mean of 1,87 mM/litre
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(0,36 - %,31) and C. steindachneri 2,46 mM/litre (1,03 -

4.95). The solubility of potassium urate is 12.06 mM/litre
and of sodium urate 6,76 mM/litre, so it would appear

that precipitation is not caused by concentration, but by
some other means., Dantzler and Schmidt-Nielsen (op. cit,)

report a similar anomaly in the urine of Gopherus agassizii

and suggest that solute exchangés across the bladder wall

may in some way cause precipitation,

5.4  TEMPERATURE TOLERANCE

541 Method

The critical thermel maximum (CTM) was originally
defined by Cowles and Bogert (1%4) and has been modified
by other authors. Hutchison (1961) uses the definition
"the value that is the arithmetic mean of the collective
thermal points at which locomotory activity becomes dis-

organised and the animal loses itg ability to escape from

conditions that will promptly lead to its death" and modified

it to include "when heated from a previous acclimation
temperature at a constant rate just fast enough to allow
deep body temperature to follow environmental test tenper~

atures without & significant time lag",
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This definition highlights the effect of acclimation
on the CTM of poikilotherms. The chief component which
affects acclimation is temperature but photoperiod can also
have an effect (Hutchison and Kosh, 1965).

In this study the tortoises were acclimated for at
least two weeks in water at 14%, 21° or 28° and subjected
to a 12 hour photoperiod. During this time they were fed
weekly on minced meat,

The method of testing the CTM was based on that of
Hutchison and Kosh (1965). The body temberature was monitored
by a thermistor which wag inserted deep into the cloaca and
taped into place., The tortoige was placed in a bowl containing
water at the acclimation temperature. The water temperature
was then raised steadily and maintained about 5°C above the
body temperature of the tortoise, Hutchison and Kosh
(op. cit.) raised the water temperature at a rate high
enough to raise the body temperature by 1°¢ per minute, but
this was not practicable with the larger tortoises, since
too great a difference between water temperature and body
temperature would have resulted,

The temperature at which the tortoise abruptly went
into spasms was recorded as the thermal peint, It was
characterised by a stiffening and shaking of the limbs,
withdrawal of the neck and gaping of the mouth., During

the later stages of heating it was necessary to hold the
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tortoise's head above the surface to prevent it swallowing

water due to panting. Imnediately the critical point was

reached the tortoise was placed in cold water to revive.
5.42 Results

7o A s it TS

The critical thermsl maxima of Chelodina oblonga and

C. steindachneri are plotted in Figure 23. It can be reen

that there is a significant difference between the two
species, the desert adapted . gteindachneri having a highex
CIM., The effect of acclimation on the CTM can also be seen,
The wide range of figures obtained for C. gblonga may
be due to the lack of an obvious critical point in this
species, OSpasms were very hard to detect in some individunals

and heating was carried past the thermal point in early

experiments. In later experiments, if no spasms were seen,

the CTM was taken as the point at which the limbs became stiff.

The C. oblonga tested were almost all larger than the

C. steindachneri (mean weights 860 gm and 320 gm), However,

two or three {. oblonga were close to the weight range of

G. steindachneri and two overlapped it, so weight differences

cannot account for all the difference between the species,
Three other species were also tested after being

acclimated at 14°C, Their CTM were as follows:



Species number CTM

R ‘ I [N, ‘O — PR 6_... e
C. longicollis 2 40,57, 40,9
C. expansa 1 39,4°
E. kpeffti 1 39.9° |

These figures are within the range obtained for {. oblonga.

In addition three Pseudemvdura umbrina were tested, but they
were only acclimated for four days at 14+°C, being almost
straight from the field. They would probably have been
subjected to a mean temperature of about 18° to 20°C previous
to capture, Their CTM were 42,5, 42,8° and 43,0°C, These
figures overlap the range of . gsteindachneri acclimated to
14°C, and the mean of 42.7° suggests that P, umbrina also

has an elevated CTM. Hutchison and Kosh (1965) showed that

acclimation in Chrysemys picta was complete within approx-

imately six days, so 1f the same applies to P. wmbrina, its
actual CTM after acclimation to 14°C may be a little Llower
than was recorded, but not as low as . oblonga and the

other gpecies tested.
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5.5 DISCUSSION

e me e

It has been shown in the preceding sections that

C. steindachneri differs markedly from . ohlonga in its

feery

ability to withstand the conditions of a desert envircnment:
lack of water and high temperature,

The mogt important factor is the very nmuch lower
desiccation rate which is further reduced as the animal
goeg into aestivation, Coupled with this is its ability
to store water in the urinary bladder. The water ig utilised
as the body fluids are lost by desiccation. The amount of
urine in the bladders of the tortoises in the experinments
reported in Section 5.3 varied considerably and the

C. gteindachneri had proportionately lesg urine than most

of' the . oblonga., However, the tortoises used in this
experiment had been kept in captivity for some time and
would not be under the same conditions as one living in a
pond about to dry up. Tortoises in such a situation would
probably fill the bladder before leaving the water and going

into aestivation. Residents in north-west Australia have

reported finding €. gteindachneri walking across country
gome considerable distance from water., These animals always
urinate copilously when handled suggesting thal they have
also filled their lateral bladders before leaving the water.
Tortoises used for experimentation had these bladders empty,

because of this habit of emptying them when handled, but
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there is no reason why they should not be used as a water
store in nature, They could function in a similar manner
to the urinary bladder or the water could be passed into
the cloaca to be absorbed there, or even passed to the

median bladder. (, steindachneri also differs from

C. oblongs in possessing a bilobed urinary bladder instead
of & unilobed one and this may be a way of increasing the
volume of urine stored, as well as the surface avea for
absorption,

C. steindachneri can also convert ammonia to nurates
more effectively than C. ghlonga and this has obviouns advant-
ages because of the toxicity of ammonia. There is, in addition,
the suggestion that it can maintain its blood volume asg it
dehydrates, preventing the overloading of the heart due to
increased viscosity of the circulating fluid., These differences

are consistent with . steindachneri being able to withstand

& greater amount of dehydration than C. oblonga.

Furthermore, . steindachneri has a higher critical

thermal meximum, a great advantage to an animal 1living in
a hot, arid climate,
This preliminary study of the water, electrolyte and
nitrogeﬁ balance in two snecics of Cheloding highlights
the physiological differences which may occur between closely

related species inhabiting very different environments.
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Further study of C. steindachneri would be rewarding.

The study also highlights the correlation of the
physiology of the various species, especially desiccation

rates, with their distribution. It is particularly notice-

able that Pseudemydira umbrina, which habitually spends
six months of each year out of the water, has a desiccation

rate almost as low as C. ghteindachneri,




6.0 TIHE EVOLUTION OF THE CHELIDAE

IN AUSTRALIA AND NEW GUINEA
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6.1 INTRODUCTION

The purpose of this section i1s to document the relation-
ships within the Australian Chelidae and, in particular, to

discuss the origin and present distribution of Pseudenmydura

umbrina.,

As previously mentioned fhe systematics of the Chelidae
of Australia and New Guinea have not been well documented.
Wermuth and Mertens (1961) listed 19 species while Worrell
(1963), who considered only Australia, listed 11 species.

The only major revision of the group since Boulenger (1889)
is that of Goode (1967). It is proposed to use his class-
ification as a basis for these studies, Goode lists the
following species:

Chelodina longicollis (Shaw, 1793)

e e T L o

Chelodina novae-guinese Boulenger, 1888

Chelodina steindaghneri Siebenrock, 1914

Chelodina expansa Gray, 1856

Chelodina goblongs Gray, 18+1

Chelodina siebenrocki Werner, 1901

Elseya dentata (Gray, 1863)
Elsevs latisternum Gray, 1867

Elseva novae-guineag (Meyer, 1874)

Emydura macquaria (Cuvier, 1826)

Emydura kreffti (Gray, 1871)

Emydura ausfralis (Gray, 18+1)

Pseudenydura umbrina Siebenrock, 1901
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Goode divides Chelodina into two groups, the first

i e e

containing C. longicollis, C. novae-guineae and C. stein-
daghneri and the second the other three speciegs. He also
suggests that Emydira australis should be set apart from
the other species of Emydura.

In his checklist Goode has synonymised Chelodina rugosa

Ogilby, 1890 with G. siebenrocki Werner, 1901, although the

former name has precedence, The type locality of C. rugosa

is Cape York, Australia, while that of . giebenrocki is

New Guinea, Consistent, if minor, differences occur between
these two taxa and they will be considered here as separate
species., In addition, live specimens, exactly fitting the

description of Emydura subglobosa (Krefft, 1876) from New

Guinea, have been handled and this will be considered as a
separate species from E. kreffti, which occurs in Australia.
Traditionally, the classification of Testudines has

been based on morphological characters, particularly the
osteology of the shell and skull and the pattern and shape
of the scutes on the carapace and plastron. While these
characters are very useful in distinguishing genera and

sometimes species, it is often very difficult to separate

closely related species because of the variability, especially

in the carapace and plastron, within one specieg., It is
particularly difficult if only a limited collection can be

examined or if a single fossil is being assigned. The
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former is the case with the Australian Chelidae, However,
the purpose here is to cousider the relationships within
the family, not to delineate the various species. Towards
this end biochemical methods are available to supplement
morphology.

One of these methods is serology, which is the study
of antigens, antibodies and the reactions between them.
Three main approaches to gystematic serology are evident,

l. Electrophoresis, This involves the separation of

serum proteins in an electric field (for example,
Smithies, 1959). Strictly speaking, this is not
serology, but this technique has been used widely
to show differences in the blood proteins, both
within and between populstions. Zweig and Crenshaw
(1957), Crenshaw (1962, 1965), Friar (19é+) and
Ernst (1967} have applied this technique to studies
of Testudine systematics.

2. Agglutination. In vertebrates this involves the

agglutination of blood cells using a variety of
reagents such as plant extracts or normal sera,
Friar (1963) has shown differences between turtle
species and individuals using this technique.

3. Precipitation. This involves the preparation of

antisera and the measurement of reaction strength

when they are mixed with other sera. This can be



done‘in a variety of ways, such as allowing‘a
serum and antiserum to diffuse towards each other
in starch-gel, usuaily siter soune sepsraltion of
each by electrophoresis (immunoelectrophoresis),
or mixing the serum and antiserum in a fluid
medium and measuring turbidity (nephelometry).
Friar (1964) has used nephelometry to examine the
relationships of a number of Testudine families.
The first two of thesgse techniques frequently show up
differences within populations as well as between them, so
in this study precipitation techniques were employed, since

only one or two specimens of most species could be obtained.

6.2 MORPHOLOGY

6.21 Carapace

The patterns of the carapace scutes of the various
gpecies are very similar to each other, as well as to gsome
of’ the South American genera, so this is of little use
when comparing the differences between species,

The presence or absence of the nuchal scute has been
used to categorise species or even genera, It ig, however,
not a good character since it may be present or absent in

a single species, Normally, if a large number of specimens
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1s handled, one condition will be found to predominate.
C. sgteindachneri, for example, typically has a nuchal but
occasional specimens lack it., Similarly, species of the
genus Elseyva usually lack a nuchal but soue specimens
possess one,

The pattern of the bony plates ig also very similar,
except in one sgpecies as below,

It has been said that the Australian Chelidae, unlike
most of the South American species, do not possess neural
plates and that the costals meet in the mid-line (Waite,
19293 Zangerl, 1%+8; Williams, 1953). This appears to be
the case in all the Australian species (for example
Po wmbrina, Figure 13) except C. oblonga (Figure 15). Nine
shells of this species from near Perth were prepared and
examined, together with a sub-~fossil carapace from a cave
near Augusta, 180 miles south of Perth, The number of

neurals was ags follows:

- . i
No. of neurals No, of specimens

Co~J3 O
PO -l
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Thus, C. goblonga possesses a number of neurals, varying
from five to eight, The specimen figured has eight, Those
with fewer lack one or more of the most anterior and the
two most posterior. A report that . gblonga doeg not
have neurals (Zangerl, 1%8, p.4l) is therefore incorrect.
This author probably examined a specimen of Ce rugosa from

northern Augtralia or . siebenrocki from New Guinea,

These species have been incorrectly synonymised with C.
oblongs in the past (for example Siebenrock, 19153 Wermuth
and Mertens, 1961). Examination of C. rugosa in the

Western Australian Museum and C. siebenrocki in the Australian

Museum, has shown that they do not have neurals.

6.22 Plastron

The arrangement of the scutes on the plastron is much
more variable and significant than on the carapace, The
arrangement of the intergular in relation to the gulars and
humerals is particularly important. In Elseva and Emydura
the intergular is small and marginal and extends far enough
inwards only to partially separate the humerals. The inter-
gular of Elgeya is usually smaller and more rectangular
than that of Emydura which is dilated at the inner end.

Pseudemvdura has a much larger intergular than these two

genera, Also, it extends inwards to completely separate

the humerals and partially separate the pectorals (Figure 14).
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The intergular of Chelodina (Figure 16) ig similar in size
and in the way-it divides the pectorals, but it is completely
enclosed anteriorly by the gulars and huaerals., In some

specimens of (, Augoga, such as §, jintergularis Fry, 1915,

the front end of the intergular is marginal.

The arrangement of the bony plates is the game for all
four genera (Figures 14 and 16).

6.23  Skull

The skulls of the following species were examined:

Chelodina chlonga, C, expansa, C. longicollis, G. steindachneri,

Elseya latisternum,,@mxdura.gggggggig and Pgeudemydura

lmbrina,

The general arrangement and shape of the various elements
is very similar and the chief difference is in the type and
amount of temporal emargination,

Pseudemydura umbrina (FPigure 17) has no emargination

from behind and has 1ittle ventral emargination so that the
parietal is just in contact with the gquadrate and broadly
in contact with the squamosal, The supraoccipital makes up
a large part of the skull roof and is broadly in contact
with the squamosal,

Llsevs (Figure 19) and Emydura (Figure 18), which have
very similar skulls, have extensive posterior and ventral

emargination, The connection between the supraocccipital

and squamosal is lost and the contact between the supraoccipital
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and the parietal is much reduced., Similarly there is no
contact between the parietal and quadrate and the contact
between the parietal and squamosal is reduced to a narrow
bar,

In Chelodina (Figure 20) the posterior and ventral
emarginations have joined and alil contact between the
parietal and squamosal has been lost, The parietals, and
particularly the supraoccipital, are much reduced dorsally.

Some differences in the layout of the skull elements

are also evident, particularly between Pseudemydura and the

other three genera., 1In Pseudenydure the forward growth of

the frontal does not separate the nesals, while in the other
genera the separation is almost complete, Also, the pre-

maxillae of Pseudemydura are much reduced, compared with

the other genera,
Some minor differences are evident between the skulls

of Ilseva latisternum and Emydura macguaria., The snout of

E. latisternum is more elongated and the frontals are narrower

and extend further forward, Emargination has proceeded
slightly further in B. macguaria and the parieto~squamosal
bar is smaller, However, it is not known whether these
differences occur in all species of each genus, or whether
other specimens of either species are similar to the ones

figured,
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In Chelodina the frontals are fused and the maxillae
have extended upwards so that they sre in contact with the
frontal and break the contact between the prefrontals and

nasals,

€.2% Mandible

e

The mandibles of (. oblonga, C. expansa, G. longicollis,

P e

Elseya latisternum and P, umbrina were examined in detail,

The only mandible of E, magquaria which was examined was
incomplete,

There is little difference in the pattern of the seven
bones which make up the mandible., ALl specles examined
showed well developed splenials and coronoids. The coronoid
of Chelodina is visible on the outside of the mandible,

unlike that of Flgeva and Pgeudemydura., P, umbrina differs

from the other species by having a much reduced angular,

In addition, the mandible which was examined showed evidence
of possessing a second coronoid on the outside of the corenoid
process, There is also a slight impression of this extra
bone on the mandible of Elseva but not on Chelodina. The
prearticular in P. umbrina, unlike that of the other species,
extends forward to separate the coronoid and splenial,

6.2%5 Other Characters

Various other characters in the externals and general
appearance of the different species have been used to

separate them. These inciude the general shape and colour
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of the animal and presence or absence of barbels and tubercles,
However, while these characters may be useful in determining
speeles, they appear to be of little value in understanding
the evolution of the group,

6.26 Discussion

It is immediately evident that threc very diverse
groups exist within the Australian Chelidae, Buyvdura and
Llgeva make up the first group which is typified by having
short necks, a small, marginal intergular and a narrow
parieto-squamosal bar in the skull., The second group is
made up of the genus Chelodina, members of which typically

have long necks, an enclosed intergular and no parieto-

squamosal bar, Pseudemydura umbrina makes up the third

group,., It has a sghort neck, a large, marginal intergular
and a completely roofed skull which shows little emargination.

Within the first two groups minor groupings are evident:

o El;yammw i Bmydura
.%;gg;;égiggmnmggggéégmgéct;ﬁéﬁlarg broad, dilated posteriorly ;
; nuchal usually absent E usually present

skull cap horny plate gsmooth skin

snout prominent gflattened

tuberclesg few, prominent, fmany9 flattened, small :
behind eye large i _w“”.kw,.mj
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Boulenger (1889) defined the genus Elseya as having

a median alveolar ridge in the skull,

Thisg character is

possessed only by Elseya dentata and Boulenger considered

that F. latigsternum and E. novae-guineae helonged o

Emydura,

Gray (1867)

origirally placed £, latisternum

in Elseva but B, novae-guineae has been associated with

Emydura until Goode (1947) relocated it.

abgence of an alveolar ridge is usually congidered a

The presence or

minor

character and, when compared with the other evidence above,

it does not signify generic status,

Similarly, it is possible to divide Ghelodina into

three groups

as follows:

1. Chelodins longicollis

Chelodina

novae-guineae

2. Chelodina expansa

Chelodina rugoga

Chelodines

steindachneri

Chelodina siehenrocki

They differ as followss

Co longicollis
species group

L. expansa
species group

neck

shape of
skull

cerapace length
of adult female

neurals in
carapace

comparatively short, very long,

thin

small, not flattened

width/height at
rear of maxillae
< 1:2,5

<725 cm

abgent

1
i

Mthick

large, flattened
width/height f
>1:2,5

25 cm

absent

b e

3. Chelodina
eblonga
C. oblonga

very long,
thick

large, flattened

width/height
>1:2,5

>25 cm

present 5-8

i
|
i
1
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C. ohlonga could be placed in the sgecond group, but
the presence of neurals in this species suggests thet it
has been isolated from them for some time, Also, the ghell
of the C. expansa group is deeper and more heavily built,
Discussion of the relationships of the above groups
will be delayed until the serological evidence has been

congidered,

6,3 SEROLOGY

6,31 Methodg

The methods used were those of Kirsch (1967).

Blood was ohbltained by cardiac puncture using disposable
plastic syringes rinsed with heparin. The blood was cen-
trifuged at 3,000 rpm for 1% minutes and the plasma was
removed with a Pasteur pivette and stored at -20°C until
used.

Although the materials studied were in fact plasmas
the terms serum and plasma are hereafter used interchangeably.

Antisera were produced in rabbits (ew Zealand Whites)
by Freund's (1956) adjuvant technique, using complete adjuvant
(Commonwealth Serum Laboratories, Melbourne, Victoria)., An
initial injection of 1 ml of whole serum emulsified with an
equal amount of adjuvant was given, followed by a rest period

of three weeks and a series of three, weekly injections
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similar to the first, Each injection was given subcutaneously,

the whole aliquot in one site, but a differvent site was used
for each injection., At the conclusion of the series the
rabbits were rested for a week and then bled for preliminary
testing. If the antiserum wag satisfactory the rabbit was
bled on alternate days for a week, 50 to 60 ml at o time,
from & marginal ear vein and then bled out by cardiac
puncture, The antisera were geparated from the clot by
centrifugation and stored at -20°C,

Inmunoelectrophoresis (IEP) was performed according to
the micromodification of Scheideggar (as deseribed by
Hirschfield, 1960). The agar used was Oxoid Ionagar No, 2
made up to 1% in pH 8.6 Veronal buffer (Hirschficld, 1960)
and 2 ml was pipetted hot on to each slide., The conditions
of electrophoresis were 8 to 9 v/em for 45 minutes. Incub-
ation was for two days at 20003 after which the slides were
washed for one day in two changes of normel saline, rinsed
for one hour in distilled waler and then dried under lintless
filter paper at 60°C, The precipitin patterns were stained
for 30 minutes in Azocarmine B (a saturated solution in 50
volumes methyl alcohol, 40 volumes water and 10 volumes
acetic acid), and differentiated in the solvent until the

background was colourless.,
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The major part of the experimental work reported here
involved the standard serological technique of absorbing
the antiserum with a heterologous antigen. Threc or four
parts of antiserum were mixed with one part antigen and the
mixture incubated for %5 to 60 minutes at 37°C and overnight
in the refrigerator. The precipitate was separated by
centrifuging at 3,000 rpm for 15 minutes and the supernatant
was pipetted off for use., The antiserum wasg divided into
aliquots each of which was absorbed with a differcat heter-
ologous set and reacted with the series of sera under
congideration, The reactions were scored separately for
gach aliquot and expressed as a ratio, representing the
number of lines in the heterologous pattern divided by the
number of lines in the homologous pattern times 100, The
per cent reaction wag recorded on a scale of zero to five,
zero being the negative reaction and five the homologous,
with four equal intervals (1 to 24, 25 to &9, 50 to 74+ and
75 to 99) in between., Because of the low number of linecs
usually involved these numbers seemed to correspond to
discreet intervals and few borderline cases were noted,

A difficulty with this method of scoring is that, when
absorption is performed with & serum which is very similar
to the homologous antigen mixture, absorption may be complete
and the homologous reaction zero., Hence the ratio is 0/0,

which 1s undefined., It seems common sense to call such a
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reaction 0% even though this is not logically correct.
Kirsch (1967) subjected data containing this anomaly to
the numerical analysis described below, both with and
without the inclusion of the experiments giving the "OFM
reactions, and the results were identical,

After scoring, the date were subjected to analysis by
the Probabilistic Similarity Index (PSI) of Goodall (1966),
Computation was performed on the IBM PDP-6, using Goodall's
program (routines SIM 91, SIM 92 and SIM BF). The resulting
natrix expresses the probabilities that the observed asscc-
iations are due to chance and hence the smaller the values
the smaller the distance betwesn the taxa. Goodall in fact
defines his PSI as the complement of the computed probability
but, since the high negative exponents clearly convey the
idea of small distances, this conversion was not made,

The procedure involves a number of steps, After the
initial computation the matrix is inspectsd for the major
clustering of low probabilities. The second step is the
recomputation of the probabilitics of association of the
taxa which remain after the primary group has been removed,
The removal of the largest group distinguished in the first
run is necessary because high associationsg tend to distort
the affinities of other taxa. If further groupings are
evident after the second run they are eliminated and the

probabilities for the remaining taxa again computed, This
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continues until no more significant groupings are
revealed,

The final step establishes the "grouping of the
groups" and is accomplished by taking the means of the
scores for all the taxa in each group for each character
and treating these values as the input for a single taxon.
In order to avoid decimal fractions these values are ex-
bressed as proportions of 10,000 and treated as continuous
variables between O and 10,000,

Nephelometry measurements were made with an EEL Nephel -
cmeter head in conjunction with an EBL Unigalvo 20 galvanometer.
Tripling dilutions of the antigens were made by mixing 0.75 ml
whole serum with 6,75 ml of lithium hydroxide buffer pH 8.1,
and transferring 2.5 ml of this mixture to a second tube
containing 5 ml of buffer, This procedure was repeated for
a series of 12 tubes.

The tubes were read to the nearest unit as blanks and
then incubated with 1 ml each of antiserum in buffer (20%
or 15%) for 90 minutes at 39°C., Each tube was then read
again and the blank subtracted. Boyden (1%2) curves were
plotted for the results and all tests within a single
antiserum were compared with the homologous reaction as

percentages of the total turbidity.
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Some samples of Cheloding oblonga and C. gteindachneri

sera were subjected to the vertical starch-gel electro-

phoresis technique of Smithies (19359)., This showed that

variation between sera from within the same taxon was minimal,

No.

OO ~3 O ot E o o
4 & & 2 =

10.
110

6,32 Results

6,321 Immunoeclectrophoresi

o Py

The following species were used for IEP gtudies:

Species

Paseudemydura webrina

Elseva latisternunm

< =

Blseva dentata

Ilseva novee-guineae

Envdura macguaria

Emydura kreffti

BEmydura subglobosa

Emydura australis

Pty ettt N et

Chelodina steindachners

Chelodina longicollis

Chelodina novae-guineae

Chelodina oblonga

Chelodina expansa

Chelodina %ruzosa

Chelodina rugoss

Testudo graeca

. Locality
Twin Swamps Reserve, Warbrook, W.4,
Burnett River, Gayndah, Quecnsland,
North Johnstone River, Malanda,
Queensiand.,

Lake Murray, Papua,
Patho, Murray River, Victoria,
Woodstock, north Queensland,
Lake Murray, Papua.
Kalumburu, northern W.A,

(same as W.A. Museum R28117)
Wiluna, W.A,
Patho, Murray River, Victoria,
Woodstock, north Queensland,
Northam, W.A,
Patho, Murray River, Viectoria.
Kalumburu, northern W.A.

(same ag W,A, Museum R28118)

Darwin, Northern Territory.

Not knowri.
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Antisera were made against numbers 2 (Elseya latigbernum),

5 (Bmydura macguaria) and 12 (Chelodina oblonga). The

absorptions performed and the resgulting reactions are listed
in Tables 17 to 19, Figure 29 shows the precipitin patterns
obtained from a series of absorptions with anti~2 compared
with the unabgorbed patterns, The results of analysis by
Goodall's (1966) method are shown in Tables 20 to 26, where
the probabilities of assoclation are given in E-form, that
is, the negative or positive figure following the E indicates
the power of ten to which the preceding decimal figure must
be raised.

Table 20 indicates that the strongest large grouping
is sera 5 to 8., Serum 5 appears to be further away from
sera 7 and 8 than it is from serum 6, while sera 6, 7 and
8 appear equally close. The apparent distance of serum 5
shows up one of the errors which may arise in this method
of analysis, namely that, if few antisera are made, the
species against which they are made will appear anomalously
distant from near species because of the score of 5 usually
obtained with homologous reactions. The anomaly is less
marked among sera 5 to 8 because of the complete absorption
of anti-5 by sera 6 and 8, Table 20 also showsg affinities
between sera 3 and 4% and a weaker affinity between them and

gserum 2, as well ag a loose grouping of sera 9 to 15,

especially sera 1% and 15, It is also clear thet sera 2



135.

to 8 form a loose grouping.
Table 21, which shows the affinities of the remaining
sera, indicates a strong affinity between sera 3 and 4 and
a weaker one between them and serum 2. Once again serum
2 is the one in the group against which an antiserum was
prepared, However, the grouping is clear, although serum
2 also shows a slightly weaker, spurious affinity with
serum 16, A loose grouping between sera 10 to 15, especially
1+ and 15, is again evident, although serum 9 has dropped out.
Table 22 shows the affinitics between serun 1 and sera
9 to 16, The only strong group is sera 1% and 15 and these
were removed and the remaining probabilities recomputed,
The result is shown in Table 23, which in turn shows that
sera 10 and 13 are close. After these were removed no
strong groupings were evident (Table 24),
The "grouping of the groups" is shown in Table 25,
The groups containing serum 1, sera 2 to 4, sera 5 to 8
and serum 16 show no affinity with any other group, Serum 9
is close to sera 10+13, which in turn are close to 14+15,
Sera 14+15 also show affinity with serum 11, Serum 12 shows
no strong affinity for any group but appears to be fairly
close to sera 9, 10+13 and 11. Serum 12 is the one in this
group which had an antiserum prepared against it. A slight
affinity shows between sera 1 and 16, However, this is

anomalous and may be due to the fact that no antisera were
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prepared against species which were closely related to
either and they therefore appear to associate because of
the large number of zero scores obtained by each. Also,
due to the incomplete absorption of anti-2 with scrum 1,
a slight reaction occurrcd with this abgorption and serum
16 (Table 17).

A& new "grouping of the groups" with sera 2 to 15
grouped as well as 2 to % and 5 to 8, shows that no further
groupings are left, It does not show any relationship
between groups 2 to 4% and 5 to 8, although this is evident
in Table 20.

The groups obtained are as Tollowsa:

1 Pseudenvdura umbrina

2,3, Elseva tatisternum, E. dentats, E. novae~guincas

5:6,7,8 Euydura macquaria, E. kpeffti, E. subglobosa, B, australis

9-15 Chelodina

9 Chelodina steindachneri

10,13 ¢. longicollis, C. oxpansa

11 C. novae-guinecae

12 C. oblonga
4,15 C. ?rusosa, C. ruggsa

16 Testudo gracca

Lo -,
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6.322 Nephelometry

Nephelometric measurements were made of reactions

hetween anti-Bmvdura macguaria and anti-Chelodins oblonga

and various plasmas, The results of the anti-G. oblonga
reactions are given in Table 27 and some are plotted as
Boyden curves in Figure 2%. Negative values in the zone
of antigen excess are treated as zero in the Table.

Tt can be seen that the three species of Chelodina
which were tested show close affinity to . ¢hlongs and

are about equidistant from it. Pseudemydura wmbrina, Elseya

latisternum and Emvdura macguaria fall further sway from

C. oblonga in that order. Testudo graecsa gives a weak

L

reaction and shows the least aifinity.

The results of the reactions with Anti-~E. macquaris
were most inconclusive because the antigerum was used in too
great a strength and the curves did not drop to zero in the
zone of antigen excess and therefore curve arsas were not
comparable, Insufficient antiserum was available for the

tests to be repeated.
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6.4 DISCUSSION

There is no fossil record to assist in the inter-
pretation of the present relationships and distribution of
the Chelidae, so any conclusions will have to be based on
data from the living species,

The results obtained from the serological invegstigation
largely agree with the groupings based on merphology. The
most important points are that the grouping of the short-
necked species, other than Pseudemydura, into two geners

is confirmed and that Pgeudemydura is as far from either of

these as it is from Chelodina. Merphological data on Buydura
and Hlgeye suggest that they are closely related and serology
tends to confirm thisg.

The results within the genus Chelodina are somewhat
confusing., The strongest group is that of the two northern
tortoises, C. rugoga from Darwin and C. ?ryugosa from Xalumburu.
This is logical seeing that they might be the same species,

The Kalumburu specimens differ from typical . rugosgs chiefly
by having radiating markings on each scute instead of *the
usual longitudinal wavy grooves., The other grouping obtained,

of C., longicollis and C. gXpansa, does not agree with morph-

ology and, in addition, these species are sympatric,
It has often been implied that systematic serology is
superior to other approaches to phylogenetie taxonomy. The

basis for this argument appears to be that serological gtudies
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usually accord well with the established taxonomy when
groups whose phylogeny is well known are studied {(for
example, Goodiran, 1963),
When serology disagreesg with previous classifications

it i1s usuelly assumed that they are wrong, due to the
morphological data being misinterpreted because of converg-
ence or differing rates of evolution, Tor instance, Leone
and Weing (1956) seek to erect separate sub-orders for the
Canoids and Feloids, and to include the Pinnipedia within
the Canoids, although ecological and morphological evidence
is to the contrary, They do not consider the possibility that
the serological characters have undergone convergence or
that there have been differing rates of evolution, There is,
however, evidence that antigens can, like any other character
upon which natural selection acts, undergo convergent cvolu-
tion, Damien (1964) suggests that antigen sharing by parasites
and their hosts can be explained by convergence, This may be
considered a special case, but other data can be interpreted
as convergence, for example Zuckerkandl (1963) shows that,
from the point of view of haemoglobin structure, the gorilla
is Just an abnormal human or vice versa, and the two species
form one continuous populaticn. Kirsch (1967), in an
exhaustive study of the comparative seroclogy of marsupials,

produced evidence which could only be explained by convergence.
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Many other works, such as that of Leone and Weins (op. cit.),
can just as well be explained by convergence as not.,

Simpson (1964) suggests that convergence to the point
of identity or seriousiy confusing similarity would appear
to be more likely in a single kind of molecule than in
phyletic characters, which are the end results of the inter-
actions of a very large number of such molecules. He concludes
that no one kind of evidence on evolution.is superior and
that no one kind suffices in itself.

Thus, serological evidence on the phylogeny of the
Chelidae must be considered with all other avaiiable inform-
ation, morphological and biological,

The antiserum produced against a Chelodina was against
C. oblonga, a species which, because of its unigue (fowx
Australia) possession of neurals, must have been isolated
from other Chelodina for a considerable period of time.

This could have the effect of making the other species appean
equidistant from it, and any convergence would be highlightaod,
The nephelometric experiments confirm that species of both
groups of Chelodina are equidistant from G, oblonga. Ideally.
the IEP experiments should be repecated using antisera against
more typical members of the two other groupsa

Zoogeographic evidence is alsc useful in the interpreta-~

tion of relationships,
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When the distributicn of the vorious speecies is plotted
a nunber of discrete regions emerge (Figure 26, Table 28),
The digtribution is not well documented but the pattern
digplayed is interesting.

Five main regions arve evident - west, south-west,
south-east, north and New Guinea. The south-~east and north
are further divigible, the former by the Great Dividing
Range and the laltter at the Gulf of Carpentaria into north-
east and north-west,

The south-west is isolated from the rest of Australia
by areas of waterless desert and the fauna reflects thig,
The region iec noted for its high proportion of endemic

species and the two tortoises, Rgeudemydura umbrina and

Chelodina oblonga, are specialised and have no near relatives,
The south-east, north and New Guinea have at least one
representative of each of the other groups. This appears
consistent with the hypothesis that the ancestral species
of each group was widespread throughoui eastern and northern
Australia during a period when the climate was wetter than
at present, and that the species have been isolated by
conditions becoming drier, The presence of Emvdura sp.
(probably macguaria) in isolated permanent pools in cenbral
Australia supports this.
Balme and Churchill {1959) have reported a fossil flora

including the beech Nothofagus and podocarps of upper Eocene



e,

or lower Oligocene age at Coolgardie, Western Australin
(3195715,121°11'B) and Cookson (1953) and Cookson and
pite (1953, 1954) have reported a flora of similar age

containing Phyllocladus and podocarps from Pidinga (31089

131° 30'E) and Cootabarlow (31°5, 139°E) in South Australin.
These areas now receive five to ten inches of rain per annum,
Nothofagus is at present restricted to rain forcsts in
eastern Australia and New Guinea and occurs elsewhere in

the Pacific region,

This suggests that the clirate of southern Australia
hag become drier since the late FNocene or sarly Oligocene
and this may have been the time when the recent speciation
occurred, However, it also suggests that there would hove
been no climatic barrier between eastern and western
Australia at that time and the question arises as to why
the fauna of the south-west is not more diverse., It could

not have become so dry as to wipe out the species of other

groups since . oblonga is one of the least dry adapted of all .

Other animal groups also have unigue species in the
south-west, Two highly specialised Anurans, Mycbatrachus
£ouldi and Metacrinia nichollsi, which occur in the moister
parts of the area, have no clese relatives slsgewherc (Main,
in press). The honey possum, Iarsipes spencerac is another
example. Thus, it would appear that the south-western

corner of Augtralia has been isolated for some considerable
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time and possibly a unigue Nothofagus flora existed in

this area for some time after it was cut off from the east.

in the Cretaceous a sea divided Australia from the
Gulf of Carpentaria in the north to the South Australian
coast (Keast, 19603 see also Glaessner and Parkin, 1957;
Hill and Denmead, 1960), Any land connections would have
been tenuous., In the Tertiary the sea receded +to the
Nullabor Plain and the resulting limestones have produced
a riverless and edaphic barrier since,

In this way C. oblonga would have been isolated from
the ecastern Chelodina before the latter diverged, firstly
into two groups, and then, with the post-0Oligocene drying,
into species within these groups. The initial split between
western and castern Chelodinag would be associated with the
logs of neurals in the latter, In this case the other
genera apparently lost their neurals independently.

Pseudemydura also could have been isolated in the gouth~we et

at the same time and any ecastern representative of this
group must have become extinet, possibly because of the lack
of suiteble seasonal swamps, The third major group, which
gave rise to Emydura and mlseya, may have been restricted
to the tropics at this {ime,

During the Pleistocene Australia was joined to New
Guinea by land bridges. These allowed the movement of rain

forest frogs such as Rarnids and Microhylids from New Guinea
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to Australia (Straughan and Main, 19663 Main, in press)

so they must have been sultable for the interchange of
tortoises as well, If Chelids were isolated in New Guinea

in the Oligocene they could have moved into Australia at

this time, Chelodina novag-guineae, in particular, is a

very wide ranging species and is known from northern Australia
and Rotti, near Timor, asg well as New Guinea., I%t could have
invaded northern Australia during the Pleistocene, its
movement very far south being prevented by low temperatures,
The other groups have species pairs in New Guinea and northern
Australia. They are Chelodina rugoesa and C. siehenrocki,

et

Emydura kreffti and E. subglohogsa and Elseva nova-guineac

and K. dentata. Another explenation for the New Guinea
tortoises is that there were no Chelids in New Guinea until
the Pleistocene and that they moved into New Guinea from
northern Australia at that time, At present little information
is available on the differences between the New Guinecan
and Australian species,

Moister conditions prevailed in southern Australia
during the Pleistocene, Main, Lee and Littlejohn (1958)
and Main (in press) have shown that three successive
migrations of frogs from east to west occurred during the
pluvials. During two of these only those frogs adapted

to seasonally arid conditions were able to migrate but in one

(probably the second) wet land, but not forest, species
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invaded the south-west, Tvidently the conditions were never
wet erough for the eastern tortoises to migrate acrosg,

Land bridges algso existed between Australia and
Tasmania but conditions mast have been too cold Tor tortoises
to penetrate, or survive, in Tasmania since no living
vortoises are known from there,

The western region differs from the other regionsg in

having only one species of tortoise, Chelodina gteindachneri.
This region is now arid and C. steindachneri has evolved
special mechanisms which enable it to survive drought. This
distribution is consistent with the area having been some-
what wetter in the past, probebly in Oligocene time, but
not wet enough for the wholly agquatic and fast dehydrating
G. expansa group, Emydura or Elseva to penetrate it from
the north, Ags the climate became drier the region lost its
connection with the north and migration of (., steindachneri
into the south-west would have been prevented by its pre-
ference for higher temperatures.,

Another species which is restricted to this region,
but which has close relatives in moister eagtern Australia,

1s Arbanitis hoggi (Araneae), A parallel is Hyla rubella

e

(Anura), a distinctive species which is notable for being
the only Hylid widespread in arid areas., The genus has

many species in warm, moist situations in northern Australia,
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There are also many parallels in the plants, for example,

the palm Liverstonia alfredii, Melaleuca leucodendron

and Brachychiton gregori.

A diagram showing the affinities of the Chelidac of
Australia and New Guinea is given in Figure 27. The barriers
which caused the post-0Oligocene specilation are of two goris,
paysical and climetical. Emydura macquaria and T, kref{hi
are separated by the Great Dividing liange but E. macoguaria
can withstand much colder water than K. kreffti, which is
not found further south than latitude 32°S, Similariy,

G. Longicollis and G, novae-guinese appear to be kept apach
by their different temperature preferences. In the north
B, australis and B, kreffti are restricted to the wetter

areag while &. novae-guineae. which can withstand drought,

is wide-ranging, Elgseva dentata seems to have penetrated

the north-east from the north-west, possibly during the
Pleistocene,

The origin of the Australian Chelidae is unknown, Tho
family is known only from thisg region arnd South America and
fossils from the Northern Hemisphere, which were thought to
be Chelids, have been shown to be Pelomedusids (Williams,
1953, 195%), Good sequences of fossil Pelomedusids are
known from many areas in the Northern Hemisphere (Zangerl,
1%8) and, essuming that they were once widespread, it seems
surprising that no Chelids have been found. The alternative

hypothesis, that the group developed in the Australian

region and rafted to South America, therefore seems plausible,
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Only one family of Testudines, the Chelidae, is found
in Australia, and it has radiated to fill a variety of
agquatic situations,

This study was aimed chiefly at understanding the

limited range and rarity of Pgeudemydura umbrina,

P. umbrina has a known range of a few square miles,

It occurs in countable numbers only on two reserves, totall-
ing 530 acres, which were set up for its protection and are
situated between Upper Swan and Bullsbrook, 25 miles north-
east of Perth, Western Australia,

It is restricted to temporary swamps on a clay or sand-
over~clay soil, which normally contain water from June to
November or December each year, During the dry summer and
avtumn months the tortoisesg aestivate, either in naturally
occurring holes in the ground or under leaf 1itter or
fallen branches,

Females lay three to five epgs per annum and juveniles
take from seven to ten years to reach sexual maturity. TFood
is aquatic invertebrates and tadpoles. On the Ellen Brook
Reserve, which has  clay swamps totalling 14 acres, the
number of tortoises is thought to be about 20, Of the 13
tortoises handled from this reserve, five (29.5%) were
juveniles, On the Twin Swamps Reserve, which hag about
34 acres of sand-over-clay swamps, the number is probably

about 200, Seventy-nine P. umbrina were handled from this
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area and 57 (73.1%) were juveniles, An examination of the
age classes present on this reserve shows that the survival
of hatchlings 1s dependent on the weather., If rainfall is
low, the resulting short duration of the swamps does nob
allow sufficient growth of hatchlings to prevent their
death by desiccation during the following swmmer, The
swamps on the Ellen Brook Regerve normally contain water
for a shorter time cach yecar than those on the Twin bwemns
Regerve and this reduceg recruitment there, Other factors
which affect the density of P, umbrina are fire and predators,

The distribution of suitable habitat is limited and
has been further restricted by clearing and drainage. The
dependence of P. upmbrina on a well developed woodland for
aestivation refuges prevents it using temporary water in
cleared farming country and its fubture range will probably
be restricted to the reserves,

Recommendationg for the management of the reserves have
been made, both for the benefit of the tortoise and for the
acceptance of the reserves by nearby landholders and local
authorities, It is suggested that P. wabrina should persist,

at least on the Twin Swamps Reserve,

A comparative physiological study of Chelodina oblonga,

which inhabits permanent water in the moist south-west

corner of Australia and C. steindachneri which inhabits
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temporary water-courses in the arid north-west of Western
Australia was also undertaken, This was aimed partly at
understanding the physioclogical adaptations of P umbrina
and partly at investigating some of the mechanisms which
limit the distribution of 411 +he Australian species,

The study nighlighted the adaptations of . gteindac
to a desert environment, The most important factor is o
very much lower rate of water loss, particularly via the
skin, DBoth species are able to storc water in the urinary
bladder, and possibly in the lateral bladders, which can be
utilised when they dehydrate, However, when dehydrated,
L. steindachneri is able to convert ammonia to urates more
efficiently than C. oblonga. It can alsoc control electrolyte
levels in the plasma, suggesting that it can maintain its
blood volume thus reducing the load on the heart, As a
result of these adaptations it can withstand a greater degrec

e |

of desiccation. In addition C. steindachneri has an elevated

critical thermal maximum.

E. bmbrina also shows physiological adaptabicn to its
environment by having a low rate of water loss and an
elevated critical thermal maximum,

When water loss rates of other Australisn Chelidae are
Measured, it becomes apparent that most species are only
able to inhabit permanent or semi-permanent water and apart

from P. umbrina and C. steindachneri only C. novae-guincac,

]
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which occurs in dry areas of northern Australisa, has a

very low desiccation rate.

An evolutionary study of the Chelidae, using morphologilcel

and serological data, showed that P. umbrina is a unigue
species and is as distantly related to Chelodina as it is
to the other short-necked specics, The grouping of these
into two genera, Emydura and Elseva, was confirmed but they
are more clogsely related to each othcr than to any other

group, Cheloding cohlonga was shown to pogsess neural plates,

a unique character in the Australian Chelidae, and the
remaining species of Chelodina were divided into two groups.
When the above affinities are viewed in relation to
the present distribution of the family in Australia and New

Guinea, and the past climates of thig area, it becomes
apparent that P. umbrina and . ohlonga have been isolated
in the south-west for a considerable period of time,
probably since the Cretaceous. It ig suggested that specia-
tion in the remaining groups has been caused by increasing
aridity since the Oligocene, Pleistocene land bridges
between New Guinea and Australia have allowed mixing of

the northern species, but the increased rainfall in the
southern half was insufficient to allow migration of the

eastern species into the south-west.
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Knowledge of the biology of the two south-western
species throws some light on the past climate of this area
since it was isolated. . oblonga can only live in permanent
water and P. umbrine is completely dependent on a Mediterr-
anean climate with heavy winter rains. Thus the eclimate
of this area cannot have been much drier than at pressent,
Indeed the very restricted range of P. umbrinag at the present,
suggests that any further drying will cause its extinction.

Thus, P. lmbrina, which has no close relatives elsewhere,
has become entirely adapted to & seasonal weather pattern
of heavy winter rains followed by a dry summer, It ig
limited by the amount of rainfall, because, if this is
insufficient, hatchiings do not grow enought to survive
the summer,

Finally, it is clear that although the Testudine founa
is not rich in species, it does in fact gncompass a wide
range of diverse adaptations and shows a complete radiation

to fill the available ecological situations,



8.0 ABSTRACT




152,

This thesig Ieports the results of g comprehengive
study of the Australian Chelidae (Testudines, Pleurodira)
undertaken to understand the limited range and rarity of

Pseudemvdg;a,gg@rina.

It has been shown that F. umbrina is adapted to g
seasonal weather pattern or heavy winter rains followed by
& warm, dry swummer, It spends only six months of the year
in water and is limited by the amount of rainfall, since,
1f this is insufficient, the swampsg dry early and hatchlings
do not grow enough to survive desiccation during the summer,
A comparative physiological study of_g._ggggggg,

Lhelodina oblonea, which inhabits cool permanent water and

C. steindachneri which inhabits temporary water~courses in

i

a8 hot arid area, highlighted the adaptations in P. umbrina

and G. gteindachneri to a selil-terrestrial mode of life.
The mogt lmportant adaptation is a reduced rate of cutaneous
water loss, The distribution of other Australian Chelidae
was shown to be dependent on their inability to control
water logs,

Relationships based on morphology and serology show
that there are four genera in Australia and New Guinea,

Emydura and Llseva are closely related, but Pseudemydura

is as far from them as it is fromvggggodigg. Within

GChelodina three groups are evident, (. LQblonga being unique,
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The span of time involved 4in the evolution of the
family in Australia is postulated as being from the
Cretaceous to the present, The south-western species are
thought to have been split off in the Cretaceous and the
radiatioﬁ:the other groups is probably due to a post-

Oligocene drying.
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APPENDIX ONE Radio-~Tracking

1.

Iransmitter

The basic circuit is from Tester, Warner and Cochran

(1964+) but the individual components are as follows:

ANT
e, WA I AN
]
c, A -
—— C2 - 3
V'
1 % .
I ' 0'3

Y A N e A VAVAYAVAS

Ry Ry
Q Texas Instruments TI-H11
X He-18u 27030 - 27220 Kilocyeles in 10 Kilocycle steps
{(AWA or STC)
B Mallory RMl272
R2 1.2 X
Cl 100 -~ 150 PF
02 0.0l pF 25 V disc ceramic
C; 4 uF tantalum (Phillips)




The components were soldered to pins on a piece of
matrix board, First a piece of copper wire wag selected
for the antenna so that it fitted around the rim of the
carapace of the tortoise to be instrumented, After the
antenna had been connected, the crystal, R,, C, and C3 were
put in place together with the transistor which had previously
been selected for high gain on a transister tester. Then
an ammeter was connected in series with the battery and
hooked up to the other components., The value of R, was
then selected so that the current drain was between 0.6

and 0,75 mb&, B, and the battery were then soldered into place

L
and the radio tuned by selecting the correct valve for Cl.
This was done with the aid of a signal strength meter sim-
ilar to that described by Verts (1963) but using a Phillips
0490 diode, Fine tuning could be done either by varying the
length of the wires on a capacitor of nearly the right value
or by adding other capacitors of low value.

The completed transmitter was then tested for underwater
transmission by putting it into a plastic bag and submerging
it in water, If transmission ceased the value of Cl was
increased in Y PF stages until normal transmission occurred.
This meant that the transmitter was not working at its
optimum on land in most cases,

A point which wag found to be important was that it

was necessary to tune the circult using a partially used




battery., The normal voltage of the mercury cells 1g 1.35
but, when fully charged, the voltage is often in excess
of 1.4, If the cirecuit was tuned at the higher voltage
it would not function under water when the voltage dropped.

When completed the transmitter was potted in two coats
of Dow Corning Silastie RTV 589 silicone rubber. After
this a thin layer of Selley's Araldite epoxy-resin was
painted over the top and front of the transmitter to prevent
the potting being rubbed off as the tortoise moved along.
When this was dry the transmitter was glued to the carapace
with 3M Adhesive EC-8+7. Three pieces of polyurethane
plastic foam were then fashioned to fit behind and on either
side of the components and also glued on to the carapace.
These pieces of foam were made higger than was necessary
to restore neutral buoyancy to the tortoise aﬁd, after the
glue had set, the tortoise was placed in a trough of water
and pieces of foam shaved off until neuwtral buoyancy and
normal balance were restored., The transmitter and foam
were then given a further coat of glue before the tortoise
was released,

The life of the transmitter at a current drain of 0.75
md should be 4,800 hours (200 days). In practice the
battery was usually changed after about 160 days, but one
ran for 210 days in the field, A summary of radic-tracking

data is given in Table 5.




2. Regeiver

A Fonet 501 citizens' band walkie-talkie was used to
locate the transmitters. It was modified by the addition
of & loop aerial, a beat frequency oscillator and extra
crystal banks., In the field a range of bhetween 100 and
300 yards was obtained, depending on the transmitter and
on the location of the tortoise.

The direction of the transmitter, as indicaled by
the null from the receiving loop, was often inaccurate,
This is thought to be due partly to the unequal radiation
pattern of the transmitter loop aserial and partly to the
transmitier loop being horizontal instead of vertical.

However, this did not affect the results because the aim

was to actually locate and handle the animal and not to

triangulate and compute its position from a distance.




L

S

e e

PR
el e

el
e VAT
SrpRe

0

7
SR

e

e

o

Lo

gy

i

iy

Bl

P

S

o

A
e

St

e

s

e

A

S
'&@;«:“.’r.f

i
o

,

0

Ly

e

i

s
o

75

DR

R

7

LR
ey

e

A
S
e

Rl

-

RO
e

‘ga%&w

SR

i

R

e
B

Y

e
)

b
e

S
G

Gt

R

S

S

SR
s

Al

e

e

S

S

B
i

e

CLasSiEl

o

A

i

Ry
e

i

e
i

S

o
S
s

Oy

ol

.
i

e

b

el

S

e

et

A
Sy

piatet)

AR

I

v

S
ga

a

B

e

ottt

S

e

e
S

Sl oo

S

4

St

e

SR

e
s

SR

ey

e

el

A
AR
e 2

25

A
RIS



FIGURE 2

LOCALITIES NEAR PERTH

HE00'E

320005 ]

SRV |

— INDIAN —--«~—4{

S

I
BULLSBROOK e
i

ELLEN
BROOK

) 5 — LS

Y
WARBROOK o i
TwiN swamps Reserve Y E

ELLEN BROOK RESERVE

LAKES
(PERMANENT WATER)

o

SWAN RESEARCH STN

SWAN RIVER *:_——_M'L“ES:::H
ESTUARY g 1 2 3 4 5

— 3R2°00°s

I
18400°E







S

m.mmww,w

.

o

e e : ; : e
-

o o
o /uswﬂ

S
S S
.. .

2
o

o he
.







FIGURE 5

 RELATIONSHIP  BETWEEN CARAPACE LENGTH AND  CARAPACE o
( LENGTH-WIDTH RATIO N pUMBRINA P

O MALE
@ FEMALE - .

0 JUVENILE

ey
N S
o
>
i B
.
o
S Li P
e

o

. 1.2
CARAPACE LENGTH/ WIDTH




FIGURE &
RELATIONSHIP BETWEEN CARAPACE LENGTH  AND
0 BODY WEIGHT IN P UMBRINA_
@
e o
140 | s o0
@ Y
€ o o
@& u.
[ ]
120 . 0'..
@
®
.0
E 100 o
5 o 3
-]
ﬁ @ __ o8
Z ?
'ﬂ 80 | @
w ' 4
(&)
& ®
3 :;
-3 ;
O 60 %.
YR 1
@
e
20 |
0 " . . . - —
0 100 200 300 400 500 600
WEIGHT (gm)




35

0]

E (mm)
. "
oo

[d
L~
N

WIDTH FIRST VERTEBRAL Scurt
o .

—
(=]

FIGURE 7

Remnonsmp ssmeeu - CARAPACE Leucm
: VERTEBRAL scure-_-"

.HE FIRST

. Am).~ THE WIDTH




FIGURE 8

Radio-tracking, No. 2l1g
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FIGURE 8
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FIGURE 9

Radio~tracking
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FiGURE 1%

TEMPERATURE  RECORDING OF THREE SITUATIONS
AT THE YWiN SWAMPS RESERVE DURING THE
LAST WEEK OF FEBRUARY 1867
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FIGURE 16
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FIGURE 17

P._UMBRINA
SKULL AND MANDIBLE




FIGURE 18

EMYDURA MACQUARIA
SKULL AND MANDIBLE




FIGURE 19

ELSEYA LATISTERNUM
SKUL.L. AND MANDIBLE




FIGURE 20

CHELODINA OBLONGA
SKULL AND MANDIBLE




FIGURE 21

THE CLOACAL REGION OF CHELODINA STEINDACHNE Rt
DISSECTED FROM THE VENTRAL SURFACE
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FIGURE 22
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FIGURE 26

DISTRIBUTION OF THE CHELIDAE
IN THE AUSTRALIAN REGION
(SEE TABLE 28)
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TABLE 1

eicwe Wl

:__N*Pg'umbriagmgcute ahnormaiities

~ Total No. examined 103
'TTypicalzpattern 26 (25,2%)
| '.A.typi_éa_i_ pattex_'n | "._7’,7 (7. 8%)

- Vertebral two and vertebral three split
~Vertebral three split S
~Vertebral two and vertebral three partly split
. Vertebral two partly split o _
. -Vertebral three partly split

2 Vertebral four split
oo lluchal gplit 07

- duchal, partly split.

~ Total with splitting

Tight and left gular ang humeral

;f;Between,right_gular:and humeral
“‘_'between:left-gularnand humeral

- Between vertebrals]fou?fand Tive and right

- “costal four .. B T S R R N O
Between vertebrals four ‘and five and left
costal four . .

© Total with ingerted acutes

'~~ onined Scutes: -

Rieht marginals tom and oloven joinea
Qﬁly-ﬁleven'ma?ginals-both_sides_;; R

].detal{Wi£h j0iﬁGd-$Cut9S'




EABLE 2

Growth rate of P, umbrina on the Twin Swamps Resgerve
calculated for successive years with 6 months
standing water,

fh_--RING . WIDTH CARAPACE
L FFIRST VERTEBRAL LENGTH
SCUTE (mm) (rmm)

T »
195 ] e
3.5 o
26,0 : 96
28,0

29.0
30,0

<

(Birth)

D

}_!
=

2
3

47w .
VIV SER

el
N




IABLE 3

Growth of hatchlings in different vears

Twin Swamns Reserve

1966 dats - actual
1965 data ~ 2 act
1964,63 data - calculated

nal, 12 calculated from growth rings

Y o
NO, OF MONTHS AVERAGE WIDTH

YEAR RAINFALL|OF STAWDING FIRST VERTEBRAL | CARAPACE o
HATCHED: (inches) WATER SCULE(RING ONE) LENGTH [WEIGHT
(mm) () (gm) =

- i

1966 | 24,53 3 13,8 (7) 42,3 | 17.2
1965 | 34,55 | 5% -6 18,7 (14) 63.0 | %5.0
198k | 164 65 - 7 20.2 (20) 70.0 | 60.0 |
]

1963 | 39.46 6 - 639 19,8 (3) 68,0 | 55.0 |




TABLE

o)

.

Fogo

f it

(a)

2%omach Contents
¥rom a ¢ from Twin Swamps Reserve. r
Pigsasctod by Dr. W.2.L, Ride,-€eptember 7, 1959,
Ldentified by Dr, D.E. Zdvard, :

Crustaces HNo.
Conchostraca Eulimnadia sp. 71
- Limnetis sp. 5
Ostracoda various spp, 18
Insecta

Odonata
(Zygoptera) larvae Y
Coleoptera Dytiscidae larvae 29
adults 2
Diptera Culicidae Culicinae  larvae 10
Chaoborinae larvae 57
pupae 7

(b)

Faeces (not examined quantitatively)
from various tortcisqs, both reaserves
partly after Graham (in Lucas, 1963)

Oligochaeta Rhododrilus sp.
Crustacea
Conchostraca Fulimnadia ap.
Ostracada various spp.
Insecta '
Odonata Austrolestes analic (larvae)
(Zygoptera) plus larvae of other spp.
(Anisoptera) Anax papuensis (larvae)
plus larvae of other SPP. '
Coleoptera Dytiscidae Qreodytes sp.(adults)

plus other adults ang larvae
Hydrophilidae Hydroporus sp. (adults)
plus other adults ang larvae 3

Amphibia
(Anura)

Hylidae Hyla adelaidensis (larvae). -
Leptodactylidae,ﬂgobatraohus.Qgiggégg;gg§ (1arvae)f
Grinia insignifera (larvae)




TABLE 5
Radio-tracking summary -
No, Date Date last No, of § No, of ' - | |
released | observation | observations | days field Locality Comments
68| 6,11.6% | 15.11.6% | 2 3 9 TSR ;ﬁﬁimal died
991 6.11.64 | 22, 2,65 16 ’ 3 + 66 EBR ~Replaced TZ 9.11.6%, returned 17.12,64, lost 22,2,65
1061 6,11.64 2,12.65 1o 10 + 120 + 22 BBR  Firgt TX failed, recaptured 23.6,65, released 30.6,65,
! ! - replaced battery 26,10.65, returned 11,11,65, lost 2,12.65
139] 6.11.64% | 31.12.65 | 2 0+ 2 TSR - First TX failed, recaptured 22,12.65, released 29,12,65,
E 2]:1pgt 31,12,65
16| 15.,11,6% | 15,11.64% | 0 ! 0 EBR | TX failed, lost
1781 20,1164 | 8, 1,65 | 8 58 EBR = | PX failed 8.1.65, lost
180 20,11.64 8, 3,65 | 15 0 + 79 EBR .| PFirst TX failed, recaptured 5,12.64, released 17.,12.64
! - removed from field 8.3,65
39| 17.12.64 | 15. 2,65 | 12 60 EBR | Lost 15.2.65
208 20, 6,65 1,11.66 -9 o4 + 18 TSR | Lost 14,7.65, recaptured 8.9.66, released 15,10,66
lost 1.11,66
218! 14, 7,65 | 11. 5.67 "y 121 + 28 + TSR - Replaced battery 26,10,65, released 11,11.65, lost 2,12,65 ;
137 + 142 - recaptured 7.7.66, released 17.7.66, replaced battery 31.11.66
- returned 21,12.56, lost 11,5.67, recaptured 22,6.67
25| 13, 9.65 | 20, 9.65 1 7 EBR  { Lost
2601 29,12,65 8, 3.67 39 132 + 16 + TSR Replaced battery 10.5.66, returned 21.5.66, lost 5.6.66
: 138 . regaptured 15,10.66, released 22,10,66, eaten by fox 8.3.67
4Odi 18, 8.66 | 29. 6,67 Y6 218 + 89 TSR f@Ee@laced battery 23.3,67, returned 31,3,67, TX removed 29.6,67
Wégl 22, 9,66 | 16, 6.67 31 18+ + 88 TSR %fReplaced battery 23.3.67, returned 31,3.67, TX removed 16.6.67
5781 22, 9,66 | 16, 6,67 2D M4 + 96 + - TSR Replaced TX 6.10.66, returned 19,10.66, replaced battory
118 - 10,2.67, returned 1,3.67, TX removed 16,6,67
339} 15.10,66 | 29, 6,67 33 186 + 64 TaR ;Reglaced battery 18,4,67, returned 27.4,67, TX removed 29,6,6Y
31d§ 15,10.66 | 29, 6,67 35 186 + 64 TSR ‘Replaced battery 18.4,67, returned 27.4,67, TX removed 29,6,07
569 19.10.66 | 22, 6.67 3L 156 + 83 TSR Replaced battery 23.3.67, returned 31,3.67, TX removed 22,6,067
453 22,10.66 | 22,10,66 0 | 0 TsR | Lost .
863! 28,10,66 8, 6.67 2 ’ 2ol TSR ‘Receiver crystal malfunction, lost for most of the time
i S Ty
679 { 28,10,66 | 22, 6,67 28 173 + 67 TSR placed battery 18,%,67, returned 27.4,67, TX removed 22.%
TODALS 393 | 2292 N R =
TX transmitter EBR Ellen Brook Reserve 1SR Twin 3wamps Reserve




TABLE ©

Summgr temperature records
(C, mean and range)

? Location § Dates | Aestivation Bite Surface ! Air Official Air
| = - _ — e SWED, Research Station
§ i Maximum E Minimum Maximum ﬁ Minimum Maximun | Minimum Maximum % Minimum
"Ellen Brook 1. 2.66! 28,2 i - 40,6 13,2 - - 31.9 16.2
- in tunnel | ~28. 2.66{(25.,0-31.5) | (18 o 26 0) (30 0-54%,0) ¢+ ( 6 5 27.0) (24,042, o) ( 8.,5-2%,0)
66E ‘. f E s . s
| Twin Swamps C 1. 2,661 26,7 | - - 3k, 12.
| under Bangs;g ~ 4. 3,66 (19 533, 5) | (11 5 23 5) P (242.5-57,0) ( 2.5-2%.0) (24042, 0) ( 8.5-24,0)
& Acacia litter | } P :
| . ,
. Twin Swamps 22,12,66 25,8 | 16,3 45.9 j: 7.8 L 374 8.2 ; 26,3 '
under E.Zodtiana|-29,12,66 [(20.0-29,5) | (1%,0-19.5) | (38,0-55.0) || ( 3.0-15.0) | (30.045,0)} ( 3.0-16.0) (2k,0-30, 5) ( 7 O 15 5)
branch a 1 =
Twin Swamps 22,12.661 23,0 20,0 59.5 | 9.0 39.4% 9.4 29.5 12,5
qeepisg tunnel - %, 1,671(19.5-25.5) | (17,0-22,5) | (40,0-68,0) | ( 3,5-14,0)] (30.0-49,5)] ( %,0-16.,0) (24,0-36,5) ( 7,0-15.5)
in san P i j
Twin Swamps | 25, 1.67| 30.9 25,5 60.1 | 13.3 40,1 W8 18,8
shallow tunnel - 7, 3,67 ((28,0-34.,0) (21.8—59.0).(46.5;70,0) Lo 5,5-22,5) (30,0-%48,5)1 ( &,0-24,5) (2o 5 43 o) ( 9.5-27.0)
in sand ; L : ‘
|
ungir Banksia - 3. 3.671(24.5-31,5) (13.0-22.5)%(37.5~45.5) + ( 8,0-21,5)| (30,0-4+2,0) ( 7.5-23.0)| (27, o- 37. o) (11.0-23.0)




Rates of water loss, 34°C, dry air.

Surface areas

calculated using Benredict's (1932) formula,

Species Initial 2%_h99rs Final steady rate L
No. | Rate (mg/cm2/day) No. | Rate (mg/cm2/day) 5
Chelodina
Qhlonga 1 86.8 5 72.7
()'i"2¢3 - 136.2) C3606 - 11808)
Ghelodina
steindachner 11 23,9 5 5.6
(10o5 - )+LE03) (997 - 902)
Pseudemydura
umbrina 15 21,2 2 10,1
(11,7 ~ 34,8) (9,8 — 10,4)




TABLE §

Cutaneous and repiratory water loss of C. oblonga

and C.

steindachneri,

1%, drvy air.

Initial 24 hours

Species Body Basal
weight | (mg/cm” /day) (mg/om
(gm) | -
fcutaneous respiratory cutaneous respiratory
C. oblonga 58+ | 72.1 5ol 7240
882 9L.5 8.3 76,0
85 83.1 6,9 | 6.3
mean 85.5 6,9 70. 8
(92.5%) (7.5%) (92.8%)
C. steindach- 558 1.2 ol 243
Lerl
320 15.2 8.7 6,1
178 18.8 Va8
mean | 16,1 6,9 4,9
(70.0%)  (30,0%) (66,2%)

6.4 ‘



IABLE 9

H
SN e

Comparative rates of water loss.

Initial 24 hours, 349, dry air. Surface area
calculated using Benedlccf (1932) formula.

1
|
Species Vo, Raty ;]
tested (mg/em™/dauy) 3
_____ . . n . . } T
1 .
Chelodina exnanga 1 | 104+.1 |
Chelodina oblonga 14 86,8 |
(42,3 = 136,2)
Cheloding ?rugosa 1 73.2
Blgeya latisternum 1 72,8
Emydura macguarisg 1 VAR |
Elseva dentata 1 57.0
Gheloding longicollis ) 37.7
(20 » 5 - 73 - 6)
Lmydura krefftj 1 : 32.6
Chelodina novae~-guineas 1 28,k
Chelodina steindachneri 11 23,9
Pseudemydura umhrina 15 21.2
(11L.7 = 34%.9)
Q muys caspica leprosa 1 34,0 4
Testudo graeca 1 5k :




Heart rateg of C.

TABLE 10

oblonga and C.

steindachneri

after

24 hours at 2005 immedlately after hegting to 35%
and after three days at 35 C.
Species Bod¥ w?ight Heart rate (beats/min)
gm

uasal 1n1t1al bhas
.20 °c 35°% 35 L
L+ Qblonga 1 550 5.5 70,6 65.0
2 0 6,0 53.5 26,2
3 986 643 39,0 20,5
G. steindachneri 1 375 4.0 55 oL 22,0
2 380 ho2 52,6 23:5
3 780 4,0 32,3 14,8




CO, production of C, ohlonga am% Cs steindachner:i
im%ediately alter heating to 35°C, after 2% hours

TABLE 11

and after three days,.

Species Bod¥ w§ight | CO, production (mg/gm/hour)
g -
initial 2% hours 3 davg
AAAAA | . e
C. oblonga 851 0,088 0,063 0,048
steindachneri 1 343 0.075 0,062 0,059
2 348 0,111 0,084 0,071




TABLE 12

Lethal Dehydration

Species

Body weight
(gm)

% body weight
lost at death

S obonol
body water

lost at death

38
363
438
557

1401

32.1
31.9
32,0
31.3
31,0

39.5
42,9
39.3
42,6
41,6

C. steindachneri

87
145

40,3
37.1

50.6
503




TAB

L ety

HES]

2 13

Water conservation experiment

e e

! i ;

s o .. % poady wewrht; | !
ocphegles l Il’lltl?l welght 'l:)‘,'%, wWoirn E 7 body welght Totsl bOO.y % TBH lost |
gm) 5 #illed | Losl per day | water () | wnen killed |

i
B O S - -

| § 20% (1)

l.22

28.1 (118 1.27) | 77.2 37k

|
1 (19.1 - 31.7) [ S (91,1 - 811 | (23,5 -1
| 30% () | )¥ 3.5 - 42,6)

| ? P |
e . o (2, 06 - 3.65) ¢ ;

| 5 | 20% (1)

oblonga 726,6
(386 ~ 938)

.
i
L ]

: E ol1,b | 27,2 | 0.22 i
IC. steindach- : ’ e 77.5 é 37,2

| nerd i (109 - 465) 1(24.8 - 30,1) 30% (&) (67.8 - 80, 7) (30.6 - Lk2,3)

| | 0.28 | |
! : P (0.2 - 0.32) ;
i

i




TABIE 1%

Water conservation experiment

Electrolytes
Plasma Urine o
Haemé%oerit }%) Na+' | K" Volume {(ml) wa’t B K" )
C. oblonga 18.2 13é | 2.5 35.6 N 5.4 | 1.0
(hydrated) (6.3 - 29.5)  |(126 - 148) (1.1 - 3.5) (5.0 ~ 61.0) (0.0 - 13.0)‘(0._ - 2.1)
(%)
C. oblonza 21.3. 220 Y.2 3.k 5.5 59,0
| (dehydrated) |(12.% - 28,4) |(179 - 252) (3.2 - 6,0) [(1.0 - 6,5) (1.0 - 33,0)!(21.5 ~ 104%)
(1)
G. steindach- 17.6 152 3.7 8.9 5.7 0.
(hydraté%%gé (11.1 - 22.9) (241 - 172) (2.3 - 5.9) (6.5 - 1l2.5)1(2.,0 - 8,0) {(0.2 - 0.5)
()
C. steindach- 21.9 165 2.9 2.3 8.6 5.9
(dehydré%%%% (16.7 - 25.1) {150 - 183) (1.9 - 3.8) (1.0 - 5.0) 1(3.6 -~ 19.3)] (123 - 180)
(5)




IABLE

i3

Osmolality and ures concentration of the urine

and plasma of some C. 9

ndachneri.

Species Animal Plasma Urine
No.
Osmolality Urea Osmolality Urea
(milliosmoles) {mg/100 ml) {(milliosmoles) (g /100 ml)
G. oblonga 71 258 13.2 59 ' 52,1
hydrated ‘
72 - I=.7 - 35.3
C. oblongs 62 %22 139.8 390 155.0
dehydrated
6 - 232.5 - 262.5
C. steindechneri 28 - 9.6 - 2.7
hydrated
L7 274 4.8 32 IR
C. gteindachneri b1 k17 %83,0 393 5.0
dehydrated
L4 436 280.0 396 271.0




ZABLE 16

Water conservation experiment
Analysis of bladder fluids
(mg ¥ / 100 ml)

| ‘i
SPECIES VOLUME AMMONTA % UREA % | URATES %

I (m1) |

C. oblonea 35.6 | 18.8 Wy, 5 19.9 47.0 3.7 8.5
hy?§§ted (5.0-61.0) | (5,2-32.9) (10,5-33.5) o (1.6-6.3)

C. oblonga 3.4 16,3 oh.6 130.4 19,6 372.5 55.8
de%¥?§ated (1.0-6.5) | (80.6-231,0) (53.0-172,2) (+9.4-1085)

C. steindachneri 8.9 2.8 23,2 5.0 4,6 3.9 32.2
hydrated |
Ty S (6.5-12.5) | (2.6-3.1) (0.2-11.5) (2.9-5.4)

C. steindachneri 2.3 3.8 0.5 164.0 19.6 669, 6 79.9;
debydrated (1.0-5.0) | (0.2-9.5) (82.1-276.8) (358-1612) |
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Table 20: Probabilitieg of association of 16 sera, computed by Goodall's (1966) method, using
the data of Tables 12-1k, Probabilities are given in E-form,
Sera
Sera! 1 2 3 4 5 6 7 8
1 | 0.000B+00 0.4H6E+00 0.960E-01 0,343E+00 OL4I9E+00 0,220B+00 0.6052+00 0,223E+00
o 1 0.LLEE+00  0.000E+00 0.349E-01 0,112E-01 O0.440E+00 0.542E+00 0,390E+00 0.4&+E+00
3 0.960E-01 0.349E-01 0.000E+00 0,%51E-03 0.98+E-01 0,304E-01 0.1928-02 0,133E-02
I | 0.3438+00 0.112E-01 0.451E-03 0,000E+00 0,654E-01 0.189E-01 O0.417E-02 0.692E-02
¢ | 9 Lh198+00 0.440E+00 0,984E-01 0,654E-01 0,000E+00 0.196E-Ck 0.258u-02 0,364E-02
& | 0.2208+00 0.542E+00 0.304E-0L 0.1898-01 0.196E-0% 0,000E+00 0.326E-0% 0.490E-04
7 | 0.605E+00 0,390E+00 0.192E-02 O0417E-02 0.2588-02 0.326E-0% 0.000E+00 0.4985-04
8 1 0,2238+00 0.484E+00 0.133E-02 0.692E-02 0.364E~02 0.490E-Ch 0.498E~oh 0.000E+00
9 | 0.355E+00 O0.9%7E+00 0,983E+00 0.981E+00 0,999E+00 0.9%E+00 0.9858+00 0,991E+00
10 | 0.7BBE+00  0,983E+00 0.991E+00 0.9988+00 0©,999B+00 0.99%E+00 0.999E+00 0.999E+00
11 | 0.7378+00 0.793E+00 0.954E+00 0,9%6E+00 0.9998+00 0.998E+00 0.95%E+00 0.,973E+00
12 | 0.8998+00 0.996E+0C 0,9998+00 0.9998+00 0©.100E+01 0.999%+00 0.999E+00 0.9998+00
13 1 0.721E+00 0.980E+00 0.H58+00 0.9798+00 0,9998+00 0,9HEB+00 0.993L+00 0,992E+00
15 1 0.826E+00  0.837E+00 0,960E+00 0.959E+00 ©.999E+00 0,999E+00 0.984+E+00 0.982E+00
15 | 0.881E+00 0.9758+00 0.,9718+00 0,971E+00 0.999E+00 0.999E+00 0,989E+00 0.9882+00
16 | 0.902E-01 0,312E-02 0.735E+00 0,627E+00 0.6%B+00 0,834E+00  0.8798+00 0,9005+00
Sera 9 10 11 12 13 14 15 16
1§ 0.3550+00 0.786E+00 0,7378+00 0.879E+00 0,721E+00 0.826E+00 0.881E+00 0,902E-01
2 o.9h?ﬁ¢oo 0.983E+00 0.793E+00 0,996E+00 0.980E+00 0,.837B+00 0,975E+00 0.3125-02
3 | 0.0838+00 0.991E+00 0.954E+00 0.9998+00 0,%5E+00 0,960E+00 0.9718+00 0.735E+00
L 1 0.9818+00 0.9986+00 0,%6E+00 0.999E+00 0.979E+00 0.9598+00 0.971E+00 0.627E+00
5 | 0.9998+00 0.999E+00 0.99%E+00 0.100E+0L 0.999E+00 0.9995+00 0.999B+00 0.64E+00
6 | 0.90%E+00 0.999E+00 0.9988+00 0.9998+00 0.9%E+00 0.999E+00 0.9995+00 0.,834E+00
7 1 0,9858+00 0.99%E+00 0.994E+00 0.999E+00 0.9935+00 0,94E+00 0.98%B+00 0,87%E+00
8 | 0.9918+00 0,9998+00 0.973E+00 0,9998+00 0.9925+00 0,982E+00 0.988E+00 0.200E+00
9 | 0,000E+0C 0,132E-01 0.851E-02 0,157E+00 0.626E~02 0,130E-01 0.1928-01 0.3208+00
10 | 0.132E-01 0,000E+00 0.118E-01 0.706E-02 0,182E-02 0.,306E-02 0,2845-03 0.7515+00
11 | 0.851E-02 0.1188-01 0,000E+00 0.2238+00 0.201E-0l 0.215E-02 0,5185-03 0.681E+00
12 | 0.1578+00 0.,706E-02 0,223E+00 0,000E+00 0.126E+00 0,208E+00 0,161E+00 0,826E+00
13 | 0.626E-02 0.1825-02 0,2018-01 0.1265+00 0,000E+00 0.1788-03 0.2778-03 0.683E+00
1L 1 0.1308-01 0,3068-02 0,2158-02 0.208E+00 0,178E-03 0,000E+00 O.eE-Ck  0,9225+00
15 | 0.1928-01 0.284E-03 0.518E-03 0.161E+00 0.2770-03 0.464E-04 0.0008+00 0,847E+00
16 | 0.3208+00 0.751E+00 0.681E+00 0.826E+00 0.683B+00 0.9228+00 0.84+758+00 0.000E+00




Table 21: Probabilities of assotiation of 12 ‘sers; comptted by Coodall?s (1966) method, after
removal of data (from Tables 12-14) on sera 3-8, Probabilities are given in E~Torm.
: ﬁ
i Sers
_Sera | 1 2 3 b 9 10
1 | 0.000B+00 0.536E+00 0.489E-01 0.155E+00 0.506E+00 0. 9675+00
2 | 0.536E+00 0. 000E+00 0.5653E~02 0.213E-02 O, 91LHE+00 0.988E+00
3 0.4895-01 0.6535-02 0.Q00E+00 0.566E-06 0.993%+00 0.9992+00
L 0.159E+00 0.213E-02 0.566E-06 0.00CE+00 0.9905+00 0. 9995+00
9 0.5068+00 0, 914E+00 0.993E+00 0, 990E+00 0. Q00E+00 0.6588-01
10 0. 967E+00 0.988E+00 0.999%E+00 0, 999E+00 0.658E-01 0.000E+00
P11 0.9085+00 0.824E+00 0.979E+00 0. 971E+00 0.2295-01 0.5ME-0L
.12 0.991E+00 0.9995+00 0, 999E+00 0. 999£+00 0.255%+00 0.1ME-0L
13 0. 909E+00 0., 982E+00 0. 9ME+00 0.9928+00 0.3672-01 0.1458-01
14 0.9718+00 0. 875E+00 0.981E+00 0. 976E+00 0.5665-01 0.184E-01
15 0, 982E+00 0, 973E+00 0.987E+00 0.983E+00 0.812E-01 0.,265E-02
16 0.138E+00 0.34 95 -02 0. 700E+00 0.4508+00 0.34%6E+00 0, 8988+00
Sera 11 12 13 1l 15 16
1 0. 908E+00 0.991E+00 0.909E+00C 0.5971E+00 0.982E+00 0.1385+00
2 0. 824F+00 0. 999E+00 0.982E+00 0, 875E+00 0.9735+00 0.349E-02
3 0. 9798 +00 0.999E+00 0. 9ME+00 0.981E+00 0. 987E+00 0. 7008+00
4 0.971E+00 0.999E+00 0. 992E+00 0. 976E+00 0,9838+00 0.%50E+00
9 0.229E-01 0.255E+00 0.367E-01 0,566E-01 0,8128-01 0., 3+68+00
10 0.5%E-01 0.1%HE~01 0.145E-01 0.184E~-01 0.2658-02 0. 898E+00
11 0.0C0E+00 0.2E+00 0,884E-01 0.1518-~-01 0463E-02 0. 768E+00
12 0.2%E+00 0.000E+00 0.200E+00 0,2 HE+00 0.241E+00 0.9538+00
13 0,888-01 0.200E+00 0, 000E+00 0.381E-02 0.5018~02 0. 7925400
F 1k 0.151E~01 0.2%E+00 0.381E-02 0.000E+00 0.6498-03 0. 970E+00
15 0.463E-02 0,24 1E+00 0.501E-02 0.6%9E-03 0.000E+00 0,930E+00
16 0. 768E+00 0.953E+00 0.792E+00 0.970E+00 0,930E+00 0. 000E+00




Table 22:

Proabilities of association of 9 sera, computed by Goodall's (1966) method after

removal of data (from Tables 12-1%) on sera 2-8. Probabilities are given in E-form,

: f Sera
\ Sera | 1 9 10 11 12
L1 0.000B+00 0.762E+00 0.990E+00 0.978E+00 0.9995+00 |
i 9 0,762E+00 0.000E+00 0.161E+00 0.115E+00 0.6G95E+00 |
10 0. 990E+00 0.1618+00 0. 000E+00 0.233E+00 0.103E+00
| 11 0.978E+00 0.115B+00 0.233E+00 0.000E+00 0, 736E+00
|12 g 0.999E+00 0.695E+00 0.103E+00 0.736E+00 0. 000T+00
13 0. BHLE+00 0,111E+00 0,5818-01 0.2725+00 0.503E+00
L i 0.998E+00 0,121E+00 0.,6878-01 0418 ~01 0,6388+00
15 0,9978+00 0.281%+00 0.2595~01 0.160E-01 0.566E+00
P16 0.233E-01 0.3075+00 0.9988+00 0.995E+00 0,99%E+00 |
Sers 13 14 15 16 !
ol 0. HHE+00 0, 9985+00 0.9975+00 0,233E~01 |
g 0.111E+00 0.121E+00 0,2815+00 0.307E+00 |
P10 0.5818-01 0.687E-01 0,2598-01 0.998E+00 |
11 0,272E+00 O 18 ~01 0.160E-01 0.9955+00 !
12 0.503E+00 0,638E+00 0.566E+00 0.999%+00 |
13 0. O00E+00 0,2035-01 0.321E-01 0. 984E+00 !
1k 0.203E-01 0. 000E+00 0,391E-02 0,9992+00 |
15 0,321E-01 0.391E-02 0. 000E+00 0.9992+00 |
P16 0, 984E+00 0, 999E+00 0. 999E+00 0. 000E+00 |




Table 23: Probabilities of agsociation of 7
removal of data (from Tables 12-1k

given in E-form,

sera, computed by Goodall's (1966

) on sera 2-8 and 14-15, Probabilities are

0.000E+00
0.756L+00
0. 951E+00
0.932E+00
0.9%4E+00
0. 834E+00
0.249E-01

9

0. 756E+00
0. 000E+00
04738 -01
0.103E+00
0.550E+00
0.3028-01
0.LE60E+00

10
0.951E+00
0473801,
0.000E+00
0.862E-01
0.8518-01
0.882E-02
0.992E+00

) methogd

0.985E+00

0.99%E+00

C.000E+00

;s after

H

Sera
11 12 13 16
) 0.932B400  0.9%E+00 0. 6348100 o, 2LOE-01
0.103E+00  0.550E+00  0,302E-01  0.4605+00
0.862E-01  0.851E-01  0,B882E-02 0.992E+00
0.000E+00  0.E40E+00  0,105E+00 0. 985E+00
0.640E+00  0.0C0E+00 0, 3872+00 0.999E+00 |
0.105E+00  0.387B+00  0,000E+00  0.9+bE+00 :
0.96E+00

i




Table 24%: Probabilities of association of 5
removal of dsta (from Tables 1214
Probabilities are given in E~-form.

sera, computed by Goodallts (1966)
) on sera 2-8, 10 and 13, 14-15.

method, after

Sera

11
12

Sers
1 9 11 12 16
0. 00CE+00 0. 745E+00 0.739E+00 0.990E+00 0.1995-01
0, 4+5R+00 0.000E+00 0.1%4E-01 0.965E~01 056 7E+00
0.7398+00 0.144E-01 0, C00E+00 0.220B+C0 0«96 7E+00
. 990E+00 0,965E-01 0.220E+00 0.000E+00 0, 9982 +00
0.199E-01 0.567E+00 0. 9678 +00 0.998E+00 0. 000E+00




Table 25: Probabilities of sgsociation between the groups of sera designated, computed by
Goodall's (1966) method, using the mean values for each charscter for sil sera in
each group. Probabilities are given in B -form, Data from Tables 12-1k,

—

Sera ? 1 | ol 5.8 9

10+13 !
0, 000E+00 0,225E+00 0.299E+00 0.170E+00 0.392E+00 |
0,225E+00 0. 000E+00 0.381E+00 0.9988+00 0. 999E+00 !
0.299E+00 0.381E+00 0.,000E+00 0.979E+00 0.997E+00C |
0.,170E+00 0.998E+00 0.979E+00 0. 000E+00 0,261E~-02
0.392E+00 0. 999E+00 0.997E+00 0.2611-02 0. 000Z+00 !
0.335E+00 0.997E+00 0.992E+00 0.213E-01 0,1%0E-01 |
0.489E+00 0.999E+00 0.9995+00 0.671E-01 0.3765-01 |
0, 6HE+00 0. 999E+00 0.990E+00 0.2255-01 0,324E-02 |
0.291£-01 0, 7658+00 0,64 8E+00 0.168E+00 0. 571E+00 :
11 12 1%+15 16 ;
0.335E+00 0.489E+00 04 64E+00 0.291E-01 |
0.997E+00 0. 9998+00 0. 9998 +00 0.765E+00 |
0. 992E+00 0.999E+00 0.9965+00 0.6485+00 |
0.2138-01 0.671E-01 0.2258~01 0.1688+00 |
0.1408-01 0.376E-01 0,324E-02 0.5718+00 |
0.Q0CE+00 0.924E-01 0.922E-02 0.508E+00 |
0.924E~01 0.000E+00 0, 136E+00 0.609E+00
0.922E-02 0.136E+00 0.00CE+00 0., 8388 +00 |
0,508E+00 0.,609E+00 0.838E+00

0.000E+00 |




Table 26: Probabilities of association between the groups of sera designated
Goodall's (1965) method, using the mean valuves for each character
in each group. Probabilities are given in E-form,

, computed by
for all gera

E Serg

| Sera | 1 2-4 58 9-15 16
¢ i o rr—— e ..__..._.,.__.__L-,‘,;
{1 C.O00E+00 0,2I4E+00 0,444 E+00 0.127E+00 0.1058-01 |

o 0.214E+00 0.000E+00 0.202E+00 0+ 9HE+CO 0, 928E+00
f5-8 g 0444 E4+00 0.202E+00 0,000E+00 0.978E+00 0.834E+00
P 9-15 0,1278+00 0. 9%E+00 0. 978E+00 0.000E+00 0.180E+00
P16 0,105E-01 0,928E+00 0. 834E+00 0. 180E+00 0.000E+00




Percent reactions of Anti-Chelodina oblonga with
eight tortoise sera, obtained by nephelometric analysis.

Chelodins oblonga
Chelodina steindachneri
Chelodina expansa
Chelodina longicollis
Pseudemydura umbrina
Elseya letisternum
Lmycdurea macguarisa

Testudo greaeca

100,0%
77.6%
75 8%
75 Y
59 1%
50. 9%

%.5%
18.5%




TABLE 28

Distribution of the Australian Chelidae

(see Figure 26)

Group

Chelcdine
longicollis

Chelodins
expansa

éChelodina

oblonga

Elseya

Emydura

Pseudemydura

oblonga

L umbrina

E SE

sue¢ndqch lOPglCOlllS* 1ong1co?1ws

~neri

expansa

macguaris

expansa

NE W
novae-~ NROVAe -
guineae guineae
rugosa rugosa
latisternun | dentata
dentata
kreffti australis

New

Guines

s e

;novaem |
guineaes

siekben-—
rocki

novae-
guineae

subglob-
ogsa




PLATI 1 Fseudenyvdura umbrina

FLATE 2 Chelodina oblonga




LATTE

3 Zhelcedina

steindachneri

Tllern

A
Gl
e

Brecoliz

~ winter



5 Ellen 3roolk Reserve - sumner

FLATT 6 Twin Swamps Reserve




FLLTE Y wps Xanserve
mry, 4Ty

Note

sepressions!




PLATE 9 Twin Swanps Reserve

Hanksia woodland

TLATE 10 Twin Swamps Reserve

association




TLATE 11 Lake Claremont

typical Chelodina oblonga habitat

‘LATE 12 Poonthoon Pool, Mileura Station

typical Chelodina steindachneri habitat




L 13 Radiograni: of female

Octobher, 1966

uribrina

FLATE 14 7Twin Swamps Reserve

pit traps around South Zast Swamp




Fsoudemydura wibring

withh radic

transimitter

-
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